UNCLASSIFIED 


r 


D  256  350 


Q.epAaduce<l 

luf.^  Ute. 


'V 


ARMEB  SERVICES  TECHNIt  Al  INFORMATION  AGENCY 
ARIJNGION  HALL  STATKW 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  govensaent  or  other  dravinge,  speci¬ 
fications  or  other  used  for  any  purpose 

other  t>han  in  connection  >dth  a  definitely  related 
government  procuremei/t  operation,  the  U.  S. 
Government  thereby  ii-^urs  no  responsibility,  nor  any 
obligation  i^at soever;  end  the  fact  that  the  Govern¬ 
ment  may  have  fonmlleted,  furnished,  or  in  any  way 
supplied  the  said  drarings,  specifications,  or  other 
data  is  not  to  be  reg?:  ^ied  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corpoi*?!.  :.ton,  or  conveying  any  ri^ts 
or  pemission  to  manutav'  'ire,  use  or  sell  any 
patented  invention  tha'c  r.  ‘v  in  any  way  be  related 
thereto. 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


Advisory  Board  on  Quartorma$t0r 
Research  and  Development 

Committee  on  foods 


FOR  THE  ARMS)  FORCES 


PERFORMANCE  CAPACITY 


A  symposium  conductod  by  fho 
NutriHon  Branch,  Food  Division 

Quartermosfor  Food  and  Confainor  Institute  for  the  Armed  Forces 

and 

Environmental  Protection  Reseorch  Division 
Quartermaster  Research  and  Engineering  Center 

Chicago 

April  12  and  13,  1957 


Edited  by 

Hony  Spectof.  Joief  Brofet.,  ond  Martin  S  Peterson 

Sponsored  by 

ArJ,  vory  Board  on  QucrtermasTer  Reseorch  ond  Development 
Committee  on  Foods 

national  academy  of  sciences  —  NATIONAL  RESEARCH  COUNCIL 
Woshington,  D.  C. 

rebruory  1961 


1 


SURVEYS  OF  PROGRESS  ON 
MHJTARY  SUBSISTENCE  PROBLEMS 


Available  from  the 

Quartermaster  Food  and  Container  Institute  for  the  Armed  Forces 
1819  West  Pershing  Road 
Chicago  9,  Illinois 

SERIES  I.  FOOD  STABILITY 

1.  Contributions  of  Browning  Research  to  Ration  Item  Stability 

2.  Stability  of  Shortenings  in  Cereal  and  Baked  Products 

3.  Stability  of  Dehydrated  Eggs 

4.  The  Quality  and  Stability  of  Canned  Meats 

5.  Color  in  Foods 

6.  Dry  Whole  Milk 

7.  Pr€HX>ok€*d  Frozen  Foods 

8.  Yea-^t.  Its  Characteristics.  Growth  and  Function  in  Baked  Products 
9  Chemistry  of  Natural  Food  Flavors 

SERIES  II.  NUTRITION  ASPECTS  OF  RATIONS 

1.  Nutrition  Under  Climatic  Stress 

2.  Methods  for  Evaluation  of  Nutritional  Adequacy  and  Status 

3.  Performance  Capacity 

SERIES  III.  FOOD  ACCEPTANCE 

1.  Food  Acceptance  Testing  Methodology 

2.  Food  Preferences  of  Men  in  the  Armed  Forces 

SERIES  IV.  MILITARY  UTILITY  OF  FOODS 

1.  Establishing  Optimum  Conditions  for  Storage  and  Handling  of  Somi- 
perishable  Subsistence  Items 


Opinions  expressed  :n  the  tyrnpoeium  on  Pttfonmuico  Capsdty  are  thoee  of  the  participant! 
and  do  not  necessarily  represent  the  views  or  policies  of  the  Department  of  Defense. 

i  i  i 


TABLE  or  OOitTEWTS 


PftEe 

!•  INTRODUCTION 

Opening  ReMrks,  J.  D.  Peterman  1 

Objectives  of  the  Conference »  J.  II.  Allison  3 

Rationale  of  the  Conference  Agenda,  H.  3pector  5 

II.  BODY  FUNCTIONS  INVOLVED  IN  WORK  AND  THEIR  USB 
TO  PREDICT  PERFORMANCE  CAPACITY 


Opening  Remarks,  A.  Henschel  7 

The  Cardiovascular  System  as  an  Index  of 

Performance  Capacity  under  Stress,  H.  L.  Taylor  9 
Clrculatory*Resplratory  Response  to  Physical 

Work,  B.  Balke  13 

Heart  Rate,  F.  N.  Craig  21 

Discussion  of  Cardiovascular  Functions  25 

The  Sympathlco-Adrenal  System,  F.  Elmadjlan  29 

Secretion  of  Adrenal In-Noradrenal In,  1.  Gray  51 

Psychomotor  Functions,  J.  Brozek  53 

Scientific  Motion  Analysis  Applied  to  Assessment 
of  Human  Performance,  K.  U.  Smith  55 

The  Digestive  System,  E.  S.  Nasset  77 

Additional  Observations  on  Performance  and  the 

Digestive  System,  M.  I.  Grossman  79 

III.  APPLICATION  OF  STANDARD  WORK  TESTS 

Opening  Remarks,  D.  H.  K.  Lee  81 

Treadmill  Tests  of  Performance  Capacity  In  Dogs, 

D.  R.  Young  83 

The  Measurement  of  Performance  in  Small 

Laboratory  Animals,  D.  J.  Klmeldorf  99 

Work  Tests  in  Animal  Studies,  B.  Balke  113 

Standard  W6rk  Tests  in  Man:  Some  Illustrative 

Results,  E.  R.  Busklrk  115 

Significance  and  Limitations  of  Laboratory 

Studies  on  Fitness,  J.  Brozek  133 

A  Field  Test  of  Heat  Tolerance,  F.  Sargent,  II  137 
Differential  Diagnosis  in  Field  Studies, 

R.  E.  Johnson  141 

Heart  Rate  as  an  Index  of  Performance  Under 
Field  Conditions,  J«  A.  LeBlanc 


149 


Page 


Responses  of  the  Adrenal  01:*nd  In  Athletes , 

F.  BliMidJian,  J*  M.  Hope,  B,  T.  Lasison,  and 
G«  Plncus  157 

General  Discussion  on  Application  of 

Standard  Work  Tests  167 

IV.  EFFBCT  OF  BNVlRONMBIfTAL  STRBSSBS  ON  PBRFORMANCB 
CAPACITY 


Opening  Reaarks,  H.  Spector  175 

Heat  Tolerance  and  Dehydration,  F,  Sargent,  II  176 
Some  Generalizations  on  Caloric  Water,  and 
Osmotic  Requirements  in  the  Heat  and  Cold  as 
Established  in  Field  Studies,  R.  E.  Johnson  183 
Hum^.n  Performance  in  the  Cold,  K.  Rodahl  189 

Work  Performance  in  a  Hot  Environment,  D.  W.  Bass  193 
Performance  Capacity  in  the  Heat:  Some 

Additional  Observations,  F.  N.  Craig  197 

Some  Factors  Affecting  Food  Requirements  in  the 

Arctic,  J.  LeBlanc  203 

Effects  of  Ionizing  Radiation  Upon  the  Physical 

Performance  of  Animals,  D,  J.  Kiroeldorf  205 

Performance  Capacity  Under  Conditions  of 

Chemical  Warfare,  F.  N.  Craig  213 

Aldosterone  Excretion  in  Anxiety  States, 

F.  Elmadjian,  £.  T.  Lamson,  and  J.  II.  Hope  217 

Psychological  Measures  of  Performance,  With 
Special  Reference  to  Low-Anxiety  and  High- 
Anxiety  Subjects,  C.  B.  Truax,  Jr.  227 

V.  GENERAL  DISCUSSION 

Highly  Stressful  Situations  235 

Stress  —  there  is  no  one  type 
High-calorie  vs.  low-calorie 
Tests  —  which  ones  are  useful? 

Required:  A  knowledge  of  all  the  parameters 


VI.  EPILOGUE 

Assessment  of  Performance  Capacity: 

An  Epilogue,  J.  Brozek  243 


confi<:rence  agenda 


I.  INTRODUCTION 

of  thi*  f 'onftTtMio*.  Dr.  Jamos  M.  AlliHon 
Kationalt*  of  tho  An<*n(la.  Dr.  Harry  Spivtor 

II.  BODY  FUNCTIONS  INVOLVED  IN  WORK  AND  THEIR  USE 
TO  PREDICT  PFJIFORMANCE  CAPACITY 

Cardiovascular;  Dr.  Henry  L.  Taylor 

Dr.  Bruno  Balke 
Dr.  F.  N.  (Taig 

Resj)iratory:  Dr.  Bruno  Balke 

Endocrine:  Dr.  Fre<l  Flmadjian 

Lt.  Col.  IrvinK  Gray 

Psychomotor:  Dr.  Jos<‘f  BroJfek 

Dr.  Karl  II.  Smith 

Digestive:  Dr.  Iv  S  Nasst't 

Dr.  Morton  I.  Grossman 

Sensory:  Dr.  Josef  Brozek 

ill.  APPLICATION  OF  STANDARD  WORK  TESTS 

Animal  Studies:  Dr.  Donald  R  Young 

Dr.  Donald  J.  Kimeldorf 
Dr.  Bruno  Balke 

Human  Laboratory 

Studies:  Dr.  E.  R.  Buskirk 

Field  Studies:  Dr.  Morton  I.  Grossman 

Dr.  Frinlerick  Sargent  II 
Dr.  Robert  John.son 
Dr.  J.  A.  LeBlanc 

Correlation  of  Dr.  Josef  Brozek 

Laboratory  and  Dr.  E.  R.  Buskirk 

Field  Tests: 

Performance  in  Dr.  Fred  Elmadjian 
Athletes:  Dr.  E.  R.  Buskirk 

IV.  EFFECT  OF  ENVIRONMENTAL  STRESSES  ON 
PERFORMANCE  CAPACm^ 

Nutritional:  Dr.  Morton  I.  Grossman 

Dr.  Frederick  Sargent  11 
Dr.  Kaare  Rodahl 

Climatic:  Dr.  Kaare  Rodahl 

Dr.  D.  E.  Bass 
Dr.  F.  N.  Craig 
Dr.  J.  A.  LeBlanc 


Barometric: 

Radiational: 

Chemical: 

Emotional: 


Dr.  Bruno  Bailee 
Captain  J.  Vogel 

Dr.  Donald  J.  Kimeldorf 

Dr.  F.  N.  Craig 

Dr.  Karl  U.  Smith 

Dr.  Charles  B.  Truaz,  Jr. 

Dr.  Fred  Elmadjian 
Dr.  Charles  B.  Truaz,  Jr. 


V.  GENERAL  DISCUSSION 


PREFACE 


“But  wait  a  bit,"  the  Oytter  cried, 

"Before  we  have  our  chat; 

For  tome  of  ua  are  out  of  breath. 

And  all  of  ua  are  fat!" 

Through  the  Looking  Gian 
by  1  ewia  Carroll 


We  are  cautioned  today  by  responsible  physiciana  and  public  health 
specialists  that  the  physical  fitness  of  the  American  population  is  alarmingly 
low  —  that  reserve  power  is  insufficient  for  occasional  bouts  cf  strenuous 
sport  or  work  without  the  risk  of  physiologic  embarrassment  That  physical 
reserve  capacity  which  is  optional  for  the  population  as  a  whole  becomes  a 
critical  necessity  for  military  personnel  called  upon  to  perform  maximally. 
Armed  Forces  drawn  from  such  a  civilian  pool  must  therefore,  be  condi¬ 
tioned  to  fitness  and  so  fed.  clothed,  and  supported  that  capability  is 
sustained  under  the  most  adverse  conditions.  For  obviously  in  a  defense 
mission  we  cannot  'wait  a  bit"  the  end  of  most  fat  oysters  being  lunch  for 
those  more  fit 

The  research  efforts  of  the  Quartermaster  Corps  in  this  regard  are 
directed  toward  support  of  physical  capability,  for  it  is  our  responsibility 
to  determine  which  foods  will  comprise  a  ration,  when  and  how  the  man  is 
to  be  fed.  what  he  will  wear,  and  how  these  factors  relate  to  his  required 
activity.  As  in  any  research  problem,  it  is  necessary  to  define  the  area  of 
interest  to  delineate  the  factors  which  are  relevant,  to  select  criteria  which 
truly  evaluate  the  phenomenon,  to  formulate  hypotheses,  and  to  develop 
methods  suitable  for  assessment  Finally,  it  is  required  that  observations 
be  made  and  that  conclusions  be  disctissed  in  open  court  It  was  to  this 
end  that  the  late  Dr.  Harry  Spector.  together  with  Dr.  Austin  Henschel, 
asked  the  National  Research  Council  to  convene  a  group  of  recognixed 
experts  for  a  free  exchange  of  ideas,  facts,  and  speculations  pertinent  to 
research  into  man's  capability  for  physical  work. 

Upon  the  untimely  demise  of  Dr.  Spector.  Drs.  Josef  Broxek  and 
Martin  S.  Peterson  graciously  offered  to  edit  the  proceedings  of  that  con¬ 
ference.  A  word  of  thanks  should  also  be  given  to  Dr.  W.  George  Parks, 
Executive  Director.  National  Research  Council  Advisory  Board  on  Quarter¬ 
master  Research  and  Development,  and  his  staff  for  their  yeoman  services 
in  organising  the  conference.  For  their  good  efforts  and  those  of  the  several 
participants  we  are  indeed  grateful. 

Doris  Howea  Calloway 
Chief,  Nutritier  Branch,  Food  Division 
Quartermasteir  I  nod  and  Container 
Institute  for  the  Armed  Forces 
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HARRY  SPECTOR  (1915  1959) 

In  Memorum 

The  idea  of  the  symposium  on  Performance  Capacity  was  conceived 
one  August  afternoon  during  a  long  walk  through  the  rolling  countp'side  in 
the  vicinity  of  New  London.  New  Hampshire.  The  walk  and  the  discussion 
that  took  place  in  its  course  was  one  of  those  extracurricular  activities  that 
make  the  Gordon  Research  Conferences  so  precious  and  that  made  them  so 
dear  to  Harry  Sp€*ctor. 

It  may.  then,  be  appropriate  to  cite  in  this  In  M cmoriam  the  statement 
prepared  at  New  l^ondon  on  August  20.  1959,  some  four  years  Inter: 

“The  Gordon  Research  Conference  on  Food  and  Nutrition  pauses 
sorrowfully  in  its  scheduled  program  to  note  and  record  the  death  of  its 
1957  Chairman.  Harry  Spector.  and  to  convey  to  his  family  and  professional 
colleagues  its  deep  regrets  at  the  loss  of  an  esteemed  co-worker  and  valued 


friend.  His  untimely  passing,  after  years  of  devoted  service  to  his  country 
and  his  profession,  leaves  a  void  which  all  of  us.  in  this  conference,  will 


feel  in  the  years  to  come. 


“The  sciences  of  nutrition  and  food  technology  can  ill  afford  the  loss  of 
one  who  so  successfully  joined  their  disciplines  for  the  betterment  of  man. 
Past  conferees  will  long  remember,  and  future  conferences  miss,  his  cheer¬ 
fulness.  his  astute  comments  and  his  ability  to  leaven  the  seriousness  of  a 
session  with  a  twinkling  eye.” 


J.  B. 
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Proceediiif^  of  the  Symposium 
on 

PERFORMANCE  CAPACITY 

I.  INTRODUCTION 

OPENING  REMARKS 

JOHN  D.  PETERMAN.  COLONEL,  QMC 
Commandant,  Quarter moMter  Food  and  Container  Institute 
for  the  Armed  Forces 

The  Quartemuiater  Corps  of  the  Army  and  the  Armed  Forces  in  general 
receive  a  great  deal  of  benefit  from  meetings  of  this  kind.  We  look  to  our 
scientific  and  technical  personnel  for  answers  to  problems  of  direct  military 
interest.  But  we  know  that  they  do  not  have  all  the  answers  to  the  many 
food -related  problems  encountered  in  the  performance  of  military  duties, 
including  the  supreme  duty,  combat,  and  we  don’t  even  know  all  the  prob¬ 
lems.  Our  scientific  and  technical  personnel  roust  therefore  look  for  assist¬ 
ance,  at  various  times,  from  specialists  outside  the  Department  of  Defense. 
I  can  aiuiure  you  that  seasoned  members  of  the  Armed  Forces  can  recognize 
adequate  or  inadequate  performance.  They  may  not  know  what  makes 
a  good  soldier  from  a  biological  or  psychological  standpoint,  but  they  know 
a  good  soldier  when  they  see  him  in  action.  In  consideration  of  the  increasing 
stress  and  strain  of  military  operations,  we  need  to  have  more  fundamental 
data  on  |>erformance.  We  need  that  data  in  order  to  be  able  to  predict 
performance  or  to  improve  it.  From  this  conference  we  shall  derive.  I  am 
sure,  some  valuable  guidelines  for  an  effective  appraisal  of  performance 
capacity,  needed  in  developing  and  testing  military  rations. 
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ObJeotiveji  of  the  Conference 

JAMES  M.  ALLISON 
Rutgers,  The  State  University 
New  Brunswick,  New  Jersey 


We  on  tho  on  Nutrition,  Committee  on  Foods,  Advisory 

Board  on  Quarti-rmastcf  Research  and  Development,  are  interested  in  i>er- 
formunce  capacity  IxHrause  of  the  eiti>erience  we  have  had  in  the  past  in  at¬ 
tempting  to  correlate  the  nutritional  state  of  th**  iruiividual  with  perform¬ 
ance.  During  World  War  II,  when  we  were  studying  the  emergency  rations, 
we  set  up  some  experim«*nts  which  emphasizid  the  interrelationship  between 
nutritional  state  and  performance  capacity.  These  experiments  brought  out 
our  lack  of  kntiwltdge  t)f  what  w»*  really  meant  by  performance  capacity 
and  how  to  measure  it  achHjuately . 

For  example.  oiu‘  of  those*  «*xperiments  had  to  rlo  with  animals.  We  put 
.some  puppies  on  a  tliet  that  wt*  felt  would  d»‘velop  their  lean  body  mass  to  a 
rnaxinuirn  and  peissihly  ke<*p  their  fat  reser\»*s  at  an  optimum.  We  were 
trying  to  develop  the  ideal  animal  to  measure  i>erformance  capacity.  The 
puppies  grew  into  lean,  active*  animals  Litter  mates,  grown  on  a  diet  wdiich 
was  somewhat  rleficient,  developed  their  fat  stores  adequately  and  probably 
more  than  they  should,  but  the  lean  IkkIv  mass  was  abnormally  h»w.  They 
apiM-aresl  somewhat  hy i>othy roiel.  I'hey  were  nice  little  animals,  and  many 
people  pickesl  tln*m,  in  fact,  for  pets.  They  were  not  as  active  as  the  others. 
'I'heir  lH*havi<»r  and  their  performanct*  capacity  differed  from  that  of  their 
iirothers  and  sisti'rs  who  were  lx*ing  raLsid  on  the  diet  that  developed  the 
Ivsly  sttires  in  a  different  way. 

Then  we  took  some  adult  dogs  and  put  them  on  a  diet  that  again 
devebiptsl  their  lean  ImkIv  ma.ss  (their  protein  reserves)  and  certain  other 
re.s<*r\'es  maximally,  or  so  we  thought  at  the  time.  We  plactd  ariothef  group 
on  anothiT  diet,  cine  that  was  more  or  le.ss  deficient  in  many  n^pects.  but 
nevertheless  a  diet  that  might  be  u.s«d  by  pis>ple.  The  animals  lltc«unf* 
depletwl  in  certain  of  their  protein  resiTves.  Then  we  put  thewi  on  an 
emergency  ration.  Within  10  to  1*1  days  the  (lepleted  animals  were  in  trouble, 
whereas  the  others  ate  the  emergency  ration  for  a  peritd  of  about  90  daya 
lieftire.we  could  notice  any  loss  in  ability  to  perform.  Again  our  measure¬ 
ments  of  performance  capacity  were  inudt*quate. 

I  might  mentiiin  one  more  experiment  of  thus  type,  one  that  was  very 
dramatic.  \Vc  put  .some  hamsters  on  a  diet  that  we  thought  would  develop 
them  into  ideal  animals.  They  grew  rapidly,  and  they  certainly  lm>ked  to 
Ik*  in  excellent  shape  and  performe<l  very  well  indeed.  Some  of  their  litter 
matc*s  Weft*  fai.sed  t»n  lalxirntory  chow  maile  up  of  natural  fotxIstufTs.  They 
did  not  l(Kjk  to  us  to  Ik*  in  optimum  nutritional  state,  and  yet  they  seemed 
to  be  able  to  perftirm  cpiite  well.  They  were  smaller  and  very  active. 

We  brought  Ixith  groups  of  animals  into  a  disease  state  that  we  4^1 
‘  wet  spot.”  Every  one  of  the  animals  that  we  thought  was  in  optimal  nutri¬ 
tional  state  died  within  ten  days.  The  animals  on  the  lab  chow  did  not  even 
get  sick;  they  continued  active  and  healthy  over  this  period  of  time.  I'he 
disease- resistant  factor  was  in  the  foodstuffs,  I  think  —  in  the  alfalfa  meal. 


3 


or  yeast,  or  some  other  constituent.  The  point  is  that  a  marked  difference 
in  jH'rformance  capacity  can  be  brought  about  by  diet. 

I  am  very  much  impressed  by  the  data  that  Dr.  Scrimshaw  is  getting 
in  Guatt>malu,  particularly  with  the  children,  on  protein  malnutrition.  These 
children  are  tremendously  depicted;  in  fact,  they  are  so  depleted  that  their 
gastro  intestinal  tract  is  probably  paper  thin.  The  secretion  of  the  digestive 
enzymes  is  very  low.  and  yet  their  ability  to  utilize  foodstuffs  is  remarkably 
rckkI.  Biochemically  you  miglit  say  that  their  performance  should  fee  very 
low,  hut  when  you  give  them  milk  proteins  and  so  on  they  very  quickly  ad* 
just  in  some  way.  biochemically,  so  that  they  are  digesting  those  milk 
proteins.  Recovery  is  remarkably  rapid. 

There  is  a  great  ne4‘d  to  correlate  periormance  capacity  with  our 
hi(K'hemical  and  physiological  knowledge;  in  fact,  it  might  be  considered 
almost  a  new  science  that  we  newt  to  develop  if  we  are  to  determine  just 
what  the  factors  are  that  are  involved  in  limiting  performance.  We  feel  that 
many,  many  of  these  factors  are  nutritional.  Some  of  them,  of  course,  can 
1h'  associated  with  genetics,  with  emotional  disturbances,  and  so  on.  But 
enio;io!inl  disturbances,  we  feel,  may  1h‘  tied  up.  at  times,  with  the  nutri* 
tionnl  mndition  of  the  individual. 

The  principal  obji*ctive  of  this  conference  is  expressed  by  the  question 
that  l)r.  S|Hi'tor  put  in  hi.s  letter  regarding  the  agenda  of  this  conference: 

“How  can  an  integrated  index  of  fitne.Hs  be  devclo|>ed  to  predict  performance 
capacity?”  Tlii.s  conferenc**  reprew'nts  in  a  sense  the  prologue  to  a  new 
sctefice  that  we  ought  to  be  developing  —  a  science  correlating  and  inte¬ 
grating  ctM'mii'al  knowledge  with  jM^rformance  capacity. 
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Ratloiiale  of  the  Conference  Agendm 

HARRY  SPECTOR* 

Chief,  Nutrition  Branch 
Food  Division 

Quartermaster  Food  and  Container  Institute 
for  the  Armed  Forces 
Chicago 


To  make  the  most  of  this  conference  wc  should  have  an  understanding 
as  to  the  tyjK*  of  material  that  would  be  moat  useful  under  the  various 
headings  we  have  selected.  We  are  starting  off  with  “Body  Functions  In- 
volved  in  Performance.”  We  are  not  interested  here  in  the  basic  physiology 
of  the  “normal”  resting  man.  Our  interest  is  in  the  changes  observed  during 
physical  work  and  under  other  types  of  stress.  An  understanding  of  each 
of  thc^  functions  will  provide  the  basis  for  a  better  understanding  of  the 
applied  teats  that  we  now  have  and  may  suggest  new  teats  that  perhaps  can 
or  should  be  developed. 

In  the  “Application  of  Standard  Work  Tests”  wc  shall  be  emphasizing 
combined  procedures  rather  than  isolated  testa.  The  emphasis  is  on  the  use 
of  these  various  measureraenta  as  indicators  of  performance  capacity,  on 
methodology,  and  not  on  any  data  that  have  been  accximulated.  Which  are 
the  moat  useful  teats?  What  are  the  limitations  of  a  teat?  What  new  teats 
need  to  be  dcveloi)ed? 

In  the  last  session.  ‘The  Effect  of  Environmental  Stresses  on  Per¬ 
formance  Capacity.”  we  shall  be  considering  findings.  Again,  however,  we 
should  keep  in  mind  the  principal  objective  of  the  conference,  that  is  the 
appraisal  of  the  practical  value  of  specified  teats  for  measuring  the  effects 
of  environmental  stresses. 

To  a  person  who  has  responsibility  in  the  Air  Force,  “performance” 
will  mean  something  quite  different  than  it  does  to  a  Marine  officer.  We 
would  find  that  our  idea  of  performance  capacity  depends  upon  the  tasks 
with  which  we  are  dealing.  The  one  thing,  however,  that  we  are  certain 
of  is  that,  regardless  of  the  uniform  or  the  mission  of  the  individual,  we 
must  consider  performance  capacity  in  terms  of  body  functions. 


•D«ceased.  Aufuit  14.  1959 
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II.  BODY  FUNCTIONS  INVOLVED  IN  WORK  AND  THEIR 
USE  TO  PREDICT  PERFORMANCE  CAPACITY 


OPENING  REMARKS 

AUSTIN  HENSCHEL 

Chief,  Environmental  Protection  Re$earch  Division 
Quartermaster  Research  and  Engineering  Center,  Natick,  Mass. 


Most  of  us  who  are  involvcnl  or  who  have  been  involved  in  studying 
what  man  can  do  under  certain  stress  ct>nditioMS,  either  controlled  or  un- 
controlhsl.  try  to  measure  anything  that  is  considered  relevant  and  is 
convenient  for  us  to  ini'usure  at  the  time.  We  hope  that  some  of  the  meas- 
ureim*nts  we  make,  .some  measure  of  changes  in  the  physiological  or  the 
psychological  functions  will  give  iw  u  clue  as  to  man’s  performance  caj^acity. 
We  hope  that  by  measuring  these  end  pro<lucts  we  can  get  at  what  i.s 
hapjMMiing  within  man  —  this  integrati*d  com|K)site  of  numberless,  higliiy 
difTerentiatt*d  individual  cells. 

I’€*rhaps  the  things  we  have  b(‘en  measuring  in  the  past  yield  quite 
insensitive  indices  <  f  what  actually  is  happening  inside  the  intact  individual. 
W'e  have  measured  them,  primarily,  because  they  are  the  easy  things  to  do. 
We  have  found  that  they  change,  but  we  also  found  that  they  frequently 
change  only  when  one  exet'eds  or  approaches  the  physiological  reserve  of  the 
man.  Such  measures  give  us  very  little  indication  of  what  is  hap|>ening 
to  the  individual,  within  his  normal  physiological  range  of  reserve.  Most  of 
these  measurements  give  us  very  little  information  on  what  is  hap{>ening  to 
the  reserve.  Is  the  reserve  shifting?  Are  elements  of  the  reserve  shifting  in 
in  resptHTt  to  each  other,  or  is  the  whole  reserve  process  shifting? 

Various  things  can  hopi>en  to  a  man.  His  upi>er  limit  of  reserv'e  may 
dcKrrease  and  his  lower  limit  of  reserve  increase.  The  difference  between  the 
upper  and  lower  limit,  the  whole  thing,  may  shift  up  and  down.  All  of  these 
things  in  the  end  will  probably  be  reflected  in  what  the  total  individual  in  a 
particular  situation  will  be  capable  of  doing  or  what  he  will  actually  do  in 
a  particular  typ«*  of  situation. 

In  this  part  of  the  conference  we  shall  take  up  the  individual  organ 
systems  and  say.  ’’Let  us  look  at  their  functions.  What  can  we  expect  to 
learn  by  measuring  the  function  of  a  system  of  an  anatomical  type  in 
relationship  to  the  total  {lerformance  and  capability  of  man?” 

The  cardiovascular  system  is  probably  the  system  that  has  been  used 
most  frequently  as  an  index  of  the  physical  capabilities  of  man.  How  useful 
are  cardiovascular  testa  as  an  index  of  true  performance  capability?  Where 
are  they  useful?  What  are  their  limitations?  In  answering  these  questions 
we  may  think  in  terms  of  a  specific  performance,  as  for  instance,  running 
uphill  five  miles  an  hour  on  a  ten  percent  grade,  or  ten  miles  an  hour  on  a 
five  percent  grade.  Or,  if  you  wish,  you  may  think  in  terms  as  general 
as  the  ability  of  the  soldier  who  iierforms  under  simulated  combat  conditions 
for  a  week  under  arctic  conditions.  These  situations  are  completely  different 
as  to  the  type  of  stresses  placed  on  man;  yet  they  are  all  stresses. 
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Many  groupii  have  made  u»e  of  cardiovascular  functions  as  an  index 
of  performance  capability.  Dr  Taylor.  I  know,  has  used  them  often.  He  will 
discuss  the  use  of  tests  of  the  cardiovascular  system  in  determining  or 
predicting  either  performance  capability  in  a  specific  sense  or  a  general 
f^enBe,  or.  conversely,  as  an  indei  of  the  deterioration  of  capability  that 
has  occurred  as  a  result  of  stress  situations. 


The  Cardiovascular  System  as  an  Index  of  Performance 
Capacity  under  Stress 

HENRY  L.  TAYLOR 

Laboratory  of  Phy§iological  Hygiene,  Vnivereity  of  Minneeota,  Minneapolis 


Tht*  Army,  one  a&sumeit,  will  always  have  a  foot  soldier  who  will  be 
callcKl  iiiKjn  to  walk  long  distances  and  carry  a  pack  and  a  rifle.  There  will 
also  occasion.s  when  this  man  will  have  to  do  a  200-yard  dash  —  or 
coiintc*tl  amonK  the  deiul  or  woundt*<i.  Most  of  what  I  have  to  say  is  based  on 
the  testing  of  the  effects  of  various  physiological  stresses.  'I'o  me  the  most 
satisfactory  way  of  doin^  this  is  to  study  the  same  individual  standard 
txjndition.s  under  controlled  stress  and  in  rectwery. 

In  re^urd  to  te.st  e<piipment.  we  bcdieve  the  treadmill  —  in  an  experi¬ 
mental  situation,  at  least  —  has  considerable  advantage  over  the  bicycle 
ergometer.  A  bicycle  ergometer  presents  to  the  subject  an  unfamiliar  type 
of  work  task  The  average  atiult  American  has  not  develo{>ed  and  retained 
much  skill  in  using  a  bicycle,  and  repeated  bouts  of  work  on  a  bicycle 
ergometer  usually  lead  to  Hul)stantial  improvements  in  skill  and  the  conse¬ 
quent  re<luction  in  energy  nc*<'<‘ssary  to  perform  a  8|>ecified  task.  On  the 
otlief  hand,  walking  on  the  treadmill  up  a  grade  results  in  a  very  small 
increase  in  skill,  and  we  feel  that  this  is  a  very  useful  fact 

The  fvork  task  we  usually  use  is  walking  at  the  rate  of  three  and  half 
miles  jwr  hour  on  a  ten  |>ercent  grade.  This  requires  a  little  over  two  liters 
nf  oxygen  m  •  nttnunum  and.  in  relatively  well-trained  men.  yields  a 
pulse  rate  of  130  to  140  beats  per  minute.  We  like  to  use  work  {>eriod8  of 
one  hour  My  personal  preference  is  to  assign  subjects  who  are  to  be  tested 
in  a  aiierilkc  leiginien  to  do  at  least  two  one-hour  periods  of  walking  on  the 
treadmill  per  day  If  I  might  deviate  a  bit  from  the  immediate  subject,  this 
procedure  haa  mmt  very  useful  features.  The  mere  measuring  of  the  time 
during  which  an  individual  is  capable  of  carrying  on  this  task  gives  you  a 
good  deal  of  information.  When  well -motivated  men  start  to  drop  off  the 
trradmill  at  the  and  of  an  hour  and  a  half,  you  know  you  have  a  situation 
where  deteriomtian  has  gone  pretty  far. 

Wa  put  OKmC  emphaaia  on  measurements  made  duriirg  work.  These  are 
pulse  rate,  respiratory  efficiency,  oxygen  consumption  used  for  calculation 
of  mechanical  efficiency,  and  rectal  temperature  (  which  of  course  is  related 
to  cardiovaacnilar  function!.  These  measurements  give  you  an  index  of  the 
level  at  which  steady  state  is  being  maintained,  and  failure  to  maintain 
a  steady  state  is  an  obvious  indication  that  fitness  is  reduced. 

The  second  test  we  use  is  running,  to  establish  maximal  oxygen  in¬ 
take.  We  have  standardized  this  test  with  regard  to  time  and  speed.  We 
iMve  found  ilukl  many  people  cannot  run  very  fast  The  Harvard  Fatigue 
Laboratory  some  years  ago  found  that  seven  milee  an  hour  was  a  very 
good  compromise.  You  will  find  very  few  people  who  cannot  run  at  seven 
miles  an  hour. 

We  have  maintained  this  speed  —  seven  miles  per  hour  —  throughout. 
If  you  start  using  nine  or  ten  miles  per  hour  you  will  find  people  in  the 
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stiulent  Uxly  in  the  university  or  amoriK  volunteers  from  military  esta¬ 
blishments  wh<»  simply  eannot  keep  up  . 

We  have  kept  the*  runniiiK  time  t<»  three  minutes  benrause  we  wanted 
to  make  the  test  as  short  as  |>ossi})Ie  and  still  k**!  something  pretty  close 
to  a  maximal  ox>K(‘n  intake  If  y<»u  ask  men  in  a  debilitated  state  to  run 
for  five  or  six  minutes,  you  sometimes  cuimot  complete  your  observations. 

'I'he  te.st  is  indeperuh'nt  of  skill  in  running  on  a  grade.  You  can  prove 
njiivincingly  the  attainment  of  maximal  intake  by  increasing  the  workload 
hv  either  mereasini^  the  specxl  or  the  grade.  I'his  makes  the  procedure 
eventually  independent  of  motivation  since  there  is  no  self  determined 
effort  involvtsl. 

Once  you  have  establisluHl  an  individual's  maximal  oxygen  intake, 
you  can  .sehn't  the  lowest  grades  that  will  elicit  it.  You  u.se  this  situation 
not  only  for  studying  his  maximal  <»xy;:en  intake  under  stress  conditions 
hut  also  for  measurements  of  the  earditir»*spiratory  and  biochemical  re¬ 
sponses  of  the  individual  to  a  fixtd  task. 

Herr,  lactic  .icid  measureii’.ents  in  the  hl(KKl  and  oxygen  debt,  either 
prirtial  or  complete,  are  useful  indices.  'I'he  rt*covery  pulse  rate  will  also 
tell  you  something.  Measurement  <»f  the  pulse  rate  during  the  W’ork  is 
probably  an  ’idditional  useful  index. 

There  are  also  the  usual  respiratory  measurements  of  ventilation  and 
respiratory  efficiency  —  hyprotlucts  of  proctMures  of  this  kind. 

Finally,  for  .some  pur|x)ses  we  like  t<#  make  use  of  the  treadmill 
version  of  the  priK'tslure  .set  up  by  John.son  and  his  eolleagues  at  the  late 
Harvard  Fatigue  Laboratory.  This  pnK-<*<lure  has  a  8<»lf -determined  end 
|>oint.  We  have  found  this  prinaxlure  us<‘ful  in  assessing  the  degree  to 
which  a  man  is  willing  to  pu.sh  him.srlf,  and.  in  the  pre.sence  of  giHKl  motiva¬ 
tion.  this  is  a  giKxJ  index  of  carrliovascular  |H*rformance.  We  have  also 
found  the  pr(K'e<lure  very  us4*ful  in  ass<*ssing  the  "morale”  of  the  subjects. 

We  have  found  these  test  situations  to  lx*  sensitive  to  a  large  variety 
of  stresses,  including  such  things  as  Ixxl  rest,  high  environmental  tem|>era- 
tures,  calorie  restrictions,  experimentally  induced  malaria,  and  so  on.  It  is 
iist'ful.  also,  to  lx*  aware  of  the  |K)ssibility  of  organ  impairment.  Since  Dr. 
Simenson.  in  our  Lnlx>ratory.  is  very  much  interested  in  electrocardiography 
and  is  willing  to  apply  the  technique  at  the  slightest  provocation,  we  have 
friKpiently  taken  elec'tnx'ardiograms  during  rcx'overy  after  exercise.  We 
demand  it  if  there  .s<s*ms  to  lx»  any  indication  of  arrythmia.  This  practice  has 
uncover«*<l  n  rather  dramatic  increase  in  the  number  of  extrasystoles  and 
premature  ventricular  lK*ats  in  recovery  from  anaerobic  work  in  the  presence 
of  dehydration  and  caloric  restriction. 

A  word  or  two  miw  about  the  general  problem  of  the  projection  of  the 
results  of  work  of  this  kind,  carrkxl  under  controlled  laboratory  conditions, 
into  practical  terms.  Dr.  Henschel  is  probably  right.  We  do  not  feel  that 
these  test  situations  represent  an  extraordinarily  sensitive  battery,  but 
we  are  quite  sure  we  can  rank  sties-ses  in  the  order  of  their  impact  on 
physical  i)erformance. 

There  are  situations  in  which  you  can  predict  with  a  certain  amount 
of  confidence  that  real-life  performance  is  going  to  be  very  bad,  and  there 
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are  other  situations  in  which  you  can  predict  with  a  certain  amount  of  con¬ 
fidence  that  performance  will  not  hi*  seriously  interfered  with.  In  the  inter¬ 
mediate  range,  if  the  practical  prtjblem  is  sufficiently  important,  we  believe 
the  results  should  be  invt'stiKuti'd  and  validated  in  field  tests.. 
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Clrculatory-Re.spiratory  Respoiue  to  Physical  Work 

BRUNO  BALKE* 

Department  of  Phy§iology  Biophy»ic8,  School  of  Aviation  Medicine, 

USAF  Randolph  Air  Force  Ba$e,  Texas 

Physical  performance  capacity  haa  two  comfionents:  anaerobic  and 
aerobic.  For  work  of  longer  duration  the  metabolic  requirementa  have  to  be 
matchtni  by  adtHpiate  Hiipplies.  first  of  all.  of  oxygen 

If.  in  brief,  maximal  anaerobic  work  shortcomings  in  local  blood  flow 
or  limitations  of  general  circulatory  and  respiratory  functions  restrict  the 
oxygen  supply,  continuation  of  work  de|)end8  on  the  local  or  general 
capacity  of  the  tissue  to  incur  oxygen  debt.  This  parameter  of  physiological 
adaptability  cannot  be  defined  preci-sidy  and  dei)ends,  to  a  great  extent,  on 
psychological  factors  such  as  will  pc)wer.  tolerance  for  pain,  dyspnoea,  or  for 
other  kinds  of  discomfort. 

On  the  other  hand,  the  aerobic  work  capacity  may  furnish  a  reliable 
criterit)n  of  an  individuars  performance  capacity,  quantitatively.  The  mo-fJe 
of  circulatory- respiratory  resiH)ns4»s  to  given  work  intensities  may  allow 
for  qualitative  evaluations  of  performance  capacity. 

These  principles,  already  i>ointe<l  out  by  Dr.  Taylor  in  his  previous 
comment.s.  are  generally  accepted  by  all  performance  physiologists  (1). 

Only  the  methods  usid  by  the  various  investigators  differ,  and  they  differ 
widely.  It  i.s  not  the  puriH)se  of  the.s<‘  comments  to  review  critically  some 
of  the  most  promising  test  proctnlures  in  use  but  to  add  to  the  confusion 
by  pre.senting  another  testing  proetdure  successfully  employed  in  8<*veral 
studies  (2.  3)  of  work  capacity  at  the  Lalxjratory  of  Performance  Physi¬ 
ology  of  the  School  of  Aviation  .\l<L'<iicine.  II.  S.  Air  Force,  Randolph  Air 
Force  Base.  This  Work  Cafiacity  Test  mea.*»ures  in  a  single  ex|>eriiuentai 
trial  of  relatively  short  duration  the  circulatory- respiratory  resjxjnses  of  an 
individual  (or  animal)  to  physical  work  within  the  entire  range  of  his 
aerobic  work  capacity,  and  lx*yond.  if  so  desired. 

Work  Cap<icity  Teat.  For  accurately  defincKl  physical  work  the  motor- 
driven  treadmill  or  the  bicycle  ergometer  is  used,  preferably  the  former. 

Energy  ex|>enditurt .  or  a  low  initial  level  at  the  beginning  of  the  test,  is 
gradually  increased  in  small  amounts  up  to  the  maximum  attainable  level. 

That  is  accomplished  by  elevating  the  treadmill  angle  in  one-minute  inter¬ 
vals  by  one  percent  while  the  8|K*ed  is  kept  constant  at  3.34  m.p.h.  (or 
90  meters/minute). 

Pulse  rate  and  blood  pressure  are  measured  by  the  auscultatory 
method,  using  a  mercury  sphygmomanometer  for  determining  the  pressure 
over  the  brachial  artery.  The  measurements  are  taken  in  rest.  work,  and 
recovery.  During  exercise  the  arm-cuff  is  inflated  at  the  beginning  of  the 
second  half  of  each  minute,  seconds  later  systolic  pressure  is  determined 
and  called  out  for  recording.  Immediately  thereafter  the  pulse  rate  is 
counted  during  a  (leriod  of  15  seconds  and,  while  the  pressure  is  slowly 
released,  the  diastolic  pressure  is  measured  at  the  end  of  the  pulse  count. 

This  procfxlure  is  usually  completed  within  25  seconds.  The  test  serves  as 
the  best  objective  indicator  of  a  subject’s  circulatory  reserves. 

The  pulmonary  gas  exchange  is  measured  continuously  or  at  frequent 

*I*rr«cnt  addrfu:  Civil  Aeronautin  Intliiutr,  Oklahoma  City,  Oklahoma. 
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intervals.  tvK-.  Kv  monitoring  the*  expiriHl  kuh  cxincentrationa  continuously  by 
proper  instrumentation.  riH-ordinj;  simultanLH)usly  the  ventilatory  volume; 
or  by  collecting  the  expired  air  in  Douglas  bags  with  subsequent  gas  analysis 
and  determination  of  the  gas  volume  exhalcnl. 

Test  Criteria 

With  rising  work  intensities  pulse  rate  and  systolic  i>ressure  increase. 
The  slope  of  the  pul.se  rate  curve  varies  frt)m  individual  to  individual,  and 
also  within  the  same  experimental  subject,  depending  or  the  state  of  physical 
condition.  Usually,  the  systolic  pressure  reaches  a  peak  at  a  workload  at 
which  a  pul.se  rate  is  close  to  180  Is'ats  per  minute.  If  this  pul.se  rate  is 
exceed«*<l.  the  systolic  pressure,  in  mf>.st  instances,  tlrops  ofT  Fr<Kjuently.  at 
thi.H  ixiint.  the  di^istolic  pressure  rises  slightly.  This  fall  of  the  systolic 
pressure  and  or  rise  of  the  diastolic  pre.ssure  may  indicate  an  imminent 
Tivluction  of  the  cardiac  str<ik«*  volume  iind.  in  con.serjuence,  impending  ex¬ 
haustion  of  cardiac  reserves.  'I'hat  is  furthermore  borne  out  hy  the  measure¬ 
ment  of  oxygen  consumption:  at  work  intensities  causing  an  acceleration  of 
the  pul.se  freKpiency  l><*yond  180  per  minute  the  oxygen  intake  t<*nd.s  to 
level  off. 

Ano.ther  criterion  of  the*  limit  of  ae‘rohic  work  ta|)acity  at  the  time 
at  which  tin*  pulse*  fre‘<|ue*ncy  e*xce*tKls  ”180“  appears  to  be  the*  r»*spirator>' 
gas  exchange*  ratio:  apprt>ximate‘ly  at  this  time*  tlie*  eiutput  of  carbe)n  dioxide 
overtake's  the*  e)xyge*n  consumption,  inelicating  insufficient  oxygen  supply 
to  the*  working  mu.s<.'le  s.  The*  lactic  ae'iel  level  of  the  bl<M'Ki  also  jxiints  to  this 
failure  of  coping  with  me*talK)lic  ele*mands.  While*  work,  calling  for  pulse  rate 
re*siK)n.se*s  up  to  100  lH*ats  p.  r  minute,  can  In*  act'omplishe*d  with  only  slight 
incre*ase»  eif  hleHKl  lactic  acid,  the  work  intensities  leading  to  pul.se  rates  of  180 
per  minute*  amt  Ix'yond  re'sult  in  lactic  acid  value's  of  70  80  mg.  and  abe>ve. 
These  are  values  po9tulat€*d  by  Astrand  (1)  as  criterion  of  a  sufficiently  high 
level  of  work  in  tt'sis  designatf*<l  tei  study  maximal  oxygen  consumption. 

The  ventilatory  <*fficiency  (oxygen  intake  relatexl  te>  ventilation)  and  the 
"oxygen  pul.se*""  (oxyge*n  intake  related  to  pulse  rate)  can  bi*  uiw'd  to  evaluate 
performance  c.ipncity  qualitatively. 

Simplified  Work  Capacity  Test 

The  oxygen  a>n8umption  determincxl  during  Work  Capacity  Tests 
e>n  a  large*  group  of  individuals  was  found  to  Ik*  fairly  constant  at  any  given 
workload  when  the  body  weight  was  taken  inte)  consideration.  Nine*ty-five 
I)c*rcent  of  the  values  of  oxygen  taken  up  per  kilogram  per  minute  were 
for  each  workload  to  95  percent  within  a  range  of  10  percent.  Such  a 
spread  eef  results  can  readily  be*  accounted  for  by  technical  inaccuracies  as 
well  as  hy  variations  in  the  ease  or  tensions  of  the  individuals  walking  on  the 
treadmill. 

The  increase  in  oxygen  consumption  was  almost  a  linear  function  of 
the  increase  in  work  performed.  On  the  average.  1.8  ml.  of  oxygen  were 
consumed  per  minute  for  the  performance  of  one  meter-kilogram  per  minute. 
For  the  theoretical  estimation  of  oxygen  costs  during  treadmill  work  the 
following  empirical  formula  proved  to  approximate  most  closely  the  actual 
data: 

Vo  —  V  X  w  X  1.8  (.073  -f  ) 

‘  100 


M 


whtTf  is  tin*  (‘stimatfHl  oxy^fn  ronsumption  in  ml. /min. 

V  is  th**  treadmill  sprini  in  m€*tt*ni/min. 

w  is  tiu*  Isnly  weight  in  kilogram 

<)C  is  th«*  an^h*  of  th<*  tr<‘a(ltnill  in  porcent 

.073  is  the  factor  most  closely  assessing  the  vertical  lifting  of  weight 
during  horizontal  walking. 

'I'hcrc*  was  a  closo  agnvmcnt  Is'twcen  actual  measurements  of  oxygen 
con.siimptinn  during  the  W«»rk  Capacity  Test  or  during  steady  state  work 
and  the  oxygen  consumpt i(»n  4*Htirnate<l  by  means  of  this  formula.  That  is 
denioivst rated  in  tahh*  1  in  which  the  actual  oxygen  ct)nsumption  values 
ohtairuKl  in  ten  difT*T**nt  subjects  during  steady  state  w-ork  on  the  treadmill 
(sfuMsl:  91  m  min.  angh*  of  treadmill  and  duration  of  work  as  indicated) 
are  com|>ared  with  the  prcxlicted  values. 

'I'hese  fmding.s  may  ju.stify  a  simplification  of  the  Work  Capacity  Te.st  in 
studies  with  large  experimental  groups.  Respiratory  measurenu*nts  may  then 
k*  excliuhsl  from  tlu*  t«*stiiig  proctslure  and  thi*  test  evaluation  may  lx*  based 
entirely  on  tin*  interrelations  lx‘tw«*<*n  work  intensity.  reprt*sented  by  test 
time  in  minutt‘s  and  or  by  the  d(‘gree  of  treadmill  siop«»  in  percent,  and 
pul.s«*  rat«*  .Any  fixe<l  ()ulse  rate  ct)uld  1h*  chosen  as  the  cut-off  }X)int.  The 
pul.s4*  rate  of  180  min.  i.s  suggests!  I>ecavj.s<‘  it  repn*sents  most  clos<»ly  the 
u|)|M*r  limit  of  ad(*quate  oxygen  tran.s|x>rt.  The  simultaneous  determination 
of  hltKKl  firessure  is  indicate<l  a.s  a  .Hiifety  factor;  a  definite  rixluction  in 
pulse  pr«'ssure  miglit  Ix^come  the  objective  .signal  to  terminate  the  testing 
of  such  an  indivitlual  whose  maximal  pulse  rate  is  less  than  “180.'* 

Kvaiuation  of  the  Work  Capa€it>*  Test 

'I'he  distribution  of  test  results  ()htaini*<l  in  more  than  500  “healthy*' 
male  individuals.  19  to  66  years  of  age  (mean:  28  years),  is  shown  in  figure 
1.  It  is  felt  that  this  stialy  n  pre.s^'iit.s  a  fairly  realistic  cross  section  of  the 
.American  m:i!e  population  and  that  it  can  lx*  u.st*d  a.s  a  basis  for  establishing 
a  cla.Hsification  s<'ale  of  f)hysical  performance.  Such  a  .scale  is  presented  in 
table  2  It  is  Ki.'wd.  f)rinci|)ally.  on  the  individual's  ability  to  cope  aerobically 
with  metalxilic  n*c|ui remen ts  in  multiples  of  the  hnsal  metabolic  rate.  The 
peak  of  the  bell-shaped  curve  in  figure  1  suggests  that  the  physiologic  capa¬ 
city  for  tenfold  increa.se  of  the  B.M.R.  represents  a  "normal**  or  “average** 
work  caiKicity  Although  the  other  indices  of  physical  working  capacity  were 
chos<*n  arbitrarily,  they  nught  lx*  adetjuate  at  least  in  the  upi>er  scale  range 
where  it  was  found  that  only  individuals  regularly  engaged  in  physical 
activities  of  high  metabolic  demands  .scoretl  ah  high  as  12  times  the  B.M.R. 
or  better. 

3'he  physical  performance  testcxl  by  the  Work  Capacity  Test  may  ap- 
|)ear  to  be  unrelate<l  to  the  work  capacity  defined  by  the  size  of  metabolic 
r€?serves,  A  more  rcKrent  study,  however,  has  shown  that  experimental  sub¬ 
jects  in  the  upper  range  of  work  capacity  had  greater  carbohydrate  reserves 
than  individuals  who  performed  |KX)rly.  As  an  illustration,  table  3  shows 
the  oxygen  consumfUion  in  ml./kg/min.  at  the  pulse  rate  of  “180“  during 
the  Work  Capacity  Test  and  the  total  caloric  expenditure  (as  well  as  average 
RQ.  and  estimaUxl  carbohydrate  reserves)  during  prolonged  steady  state 
work,  towards  exhaustion.  Both  tests  were  performed  by  ten  subjects  before 
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Fifnire  1 

The  distribution  of  the  work  capacity  of  523  male  individuals,  determined 
by  the  Work  Capacity  Test  as  time  (or  %  angle)  until  a  pulse  rate  of  “180’* 
is  reached.  The  metabolic  requirements  of  the  crest  load  are  indicated  as 
approximative  multiples  of  the  basal  metabolic  rate. 
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and  after  a  10- week  course  of  physical  training.  During  the  pretraining  per¬ 
iod.  the  work  intensity  in  the  prolonged  steady-state  test  was  equivalent  to 
75-80  percent  of  the  peak  metabolic  requirements  in  Work  Capacity  Test 

Several  other  distinct  differences  in  fat.  carbohydrate,  and  protein 
metabolism  also  indicated  that  the  Work  Capacity  Test  not  only  evaluates 
cardio- respiratory  adaptabilities  but  physical  performance  capacity  in 
general. 


TABLE  1 

Average  oxygen  consumption  during  steady  state  work  on  the  treadmill 
(speed:  91  m./min..  angle  of  the  treadmill  and  duration  of  work  as  indicated) 
compared  with  the  predicted  values  of  oxygen  intake. 


Subject 

Weight 

kg. 

Angle 

/o 

Duration 

min. 

Oxygen  (Consumption 
Measured  Estimated 
ml./kg./min. 

1 

75.0 

18 

30 

3152 

3105 

2 

84.5 

16 

30 

3245 

3220 

3 

683 

14 

120 

2660 

2640 

4 

83.5 

13 

30 

2870 

2780 

5 

86.7 

10 

60 

2415 

2440 

6 

75.5 

10 

.  30 

2155 

2135 

7 

76.0 

9 

90 

2168 

2030 

8 

82.6 

9 

60 

2155 

2185 

9 

73.5 

7.5 

30 

1820 

1835 

10 

86.7 

6 

60 

1980 

1910 

TABLE  2 

The  evaluation  of  physical  |>erfonnance  capacity  by  the  Work  Capacity 
Test  relating  the  critical  test  time  (or  percent  of  grade),  the  metabolic  costs, 
and  the  empirical  rating. 


Minutes 
(or  %-Angle) 

Oj  -  Intake 
at  “180” 
ml./kg./min. 

Metabolic  Require¬ 
ments  in  Multiples 
of  B.M.R 

Performance 

Rating 

-  8 

-25 

-6  x 

pathologic 

9-10 

25-28 

7  X 

very  poor 

11-12 

28-31 

8  X 

poor 

13-14 

31-35 

9  X 

fair 

15-16 

35-38 

10  X 

normal  or  average 

17-18 

38-42 

11  X 

good 

19-21 

42-47 

12  X 

very  good 

22-23 

47-62 

13-14  X 

superior 

24  + 

62  + 

14  x+ 

excellent 
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TABLE  3 


Oxygen  intake  during  relatively  short-term  aerobic  work  capacity  is  com¬ 
pared  with  the  total  energy  ext>enditure  during  steady  state  work  towards 
exhaustion,  both  l>efore  (I)  and  after  (II)  a  ten-week  period  of  physical 
training.  During  pretraining  the  average  test  time  at  the  pulse  rate  of  ”180’* 
was  15  minutes  and  in  the  steady  state  type  of  test  exhaustion  occurred 
after  115  minutes.  Post-training  the  test  duration  averaged  20  and  145 
minutes,  respectively. 


Work  capacity  Proloni;ed  steady  Ktate  work  towards 


exhaustion 

Subject 

Oj -intake 
at  “IftO** 
ml. /kg. /min. 

Total 

Caloric 
ex|K‘nditure 
115^min  145/min 

Average 

RQ 

Carbohydrate 

reserves 

g 

I 

II 

I 

II 

I 

II 

I 

II 

1 

44 

52 

1420 

1810 

.955 

.956 

291 

373 

2 

42 

49 

1315 

1725 

.921 

.963 

231 

374 

3 

41 

48 

1845 

18.50 

.918 

.953 

264 

377 

4 

43 

47 

1600 

1780 

.889 

.945 

236 

348 

5 

36 

45 

1360 

1560 

.935 

.947 

256 

310 

6 

35 

41 

1440 

1580 

.902 

.961 

226 

332 

7 

33 

42 

1365 

1650 

.92 

.922 

238 

292 

8 

32 

46 

1410 

1620 

.89 

.915 

210 

276 

9 

28 

37 

1225 

1540 

.881 

.904 

173 

248 

10 

34 

38 

1410 

1630 

.79 

.857 

89 

197 

Average: 

37 

45 

1419 

1653 

.9 

.932 

223 

312 
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HEART  RATE 


F.  N.  CRAIG 

Applied  Phy Biology  Branch,  Phytiology  Diviiion 
Directorate  of  Medical  Research 
V.  S.  Army  Chemical  Warfare  Laboratories 
Army  Chemical  Center,  Maryland 

As  a  footnote  to  the  elegant  presentations  of  Dr.  Taylor  and  Dr.  Balke. 
I  should  like  to  comment  briefly  on  the  use  of  the  heart  rate  in  tests  of 
performance.  Sometimes  the  heart  rate  is  the  only  convenient  objective  meas¬ 
ure  of  effort  Often  the  work  stress  is  combined  with  heat  stress  and  the 
heart  rate  responds  to  both  stresses.  Here  heat  may  be  the  primary  factor 
limiting  performance. 

An  example  of  the  use  of  heart  rate  under  these  conditions  comes 
from  the  evaluation  of  protective  clothing  from  the  standpoint  of  the  limita¬ 
tions  it  im|x>ses  on  the  performance  of  work  in  the  heat.  The  suits  were 
nearly  t'qual  in  resistance  to  the  passage  of  sensible  heat  but  varied  in  resist¬ 
ance  to  the  passage  of  water,  ranging  from  that  of  herringbone  twill  to  that 
of  rubber-coated  fabric.  Previously  we  had  made  comparisoris  of  work 
performance  in  terms  of  a  comix)site  physiological  strain  index  including 
heart  rate,  measured  at  the  end  of  a  fixed  treadmill  task  (4,  5,  17)  or  at  an 
endurance  end-|>oint  (7).  This  method  was  sufficiently  discriminating.  A 
t€»st  involving  a  treadmill  task  of  progressively  increasing  intensity  was  tried 
briefly  (7.  18).  One  drawback  of  these  two  types  of  test  was  the  difficulty 
of  translating  the  results  into  predictions  of  performance  in  the  field,  al¬ 
though  one  method  of  prediction  was  suggested  (15).  In  order  to  overcome 
this  objection  a  test  of  endurance  was  tried  with  a  subjective  end-point 
verified  by  measurements  of  strain.  The  details  of  this  test  have  been  pub¬ 
lished  elsewhere  (8,  14.  13.  9)  and  some  of  the  results  will  be  presented  later. 

In  one  phase  of  the  work  the  heart  rate  was  used  to  verifiy  the  tolerance 
time  in  minutes.  (Tm)  of  two  subjects.  The  tolerance  time  varied  according 
to  the  suit  worn,  the  temperature  (22°  to  38°C).  humidity  (10  to  24  mm  Hg 
vapor  tension  of  water)  and  the  treadmill  speeu  (2  or  3  mph).  The  heart 
rate  was  recorded  at  5-  or  lO-minute  interv’als.  From  these  data  the  best 
fitting  curve  of  heart  rate  versus  time  was  calculated;  the  time  required  to 
reach  a  heart  rate  of  160  was  read  from  the  curve  by  interpolation.  The 
close  correlation  between  the  time  to  reach  a  heart  rate  of  160  determined 
in  this  way,  and  the  voluntary  tolerance  time,  is  shown  in  figure  1.  The  rate 
of  IGO  was  chosen  because  it  was  just  below  the  highest  reached  in  all  the 
tests.  However,  in  the  complete  series  of  six  men  the  average  final  heart  rate 
declined  from  180  for  a  tolerance  time  of  25  minutes  to  160  for  a  tolerance 
time  of  125  minutes. 

Two  kinds  of  limitation  on  the  use  of  this  procedure  in  other  circum¬ 
stances  will  be  discussed.  In  the  first  place,  it  is  recognized  that  the  heart 
rate  is  influenced  by  the  intensity  of  work  and  the  heat  stress.  For  the 
resting  condition  and  much  higher  environmental  temperatures,  the  end  of 
voluntary  tolerance  was  reached  at  a  lower  average  heart  rate  than  in 
work  (3.  7).  This  figure  comes  from  data  of  Blockley  and  co-workers  (1.  2,  3) 
summarized  in  reference  (9)  and  in  a  later  presentation. 
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TABLE  1 


EfTect  uf  atropine  on  the  heart  rate  during  moderately  hard  work.  Data  of 
Sid  Robinson  (16).  Average  data  for  3  men  walking  for  16  minutes  at  3.5 
mph  up  an  8.6%  grade  at  a  temperature  of  26,4oC  dry  bulb  and  20.4oC 
wet  bulb,  with  and  without  2  mg  of  atropine  sulphate. 


Oxygen  uptake.  1/min. 
V'entilation,  1/min. 
Bi(KKl  lactate,  mg  % 
FuKse.  |H*r  min. 


Control 

1.99 

38.6 

21. 

134. 


Atropine 

2.03 

39.0 

20. 

166. 


Figure  1 

\^)Iuntary  tolerance  time  in  minutes  (Tm)  and  time  to  reach  a  heart  rate 
of  IGO,  Individual  exi>«*riments  on  8ubjt*ctii  to  D  and  S.  Taken  from  Figure 
4  in  reference  9. 
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In  thi*  plnc<».  nth<‘r  specific  infltioncc^s  on  the  heart  rate  must  be 

exclucl«*d.  An  example  is  atropine.  Be(’aus<>  of  its  use  in  the  treatment  of 
castinltieH  from  anticholinesterase  HKents.  the  effect  of  atropine  on  the  ability 
to  perform  muscular  work  has  b<H*n  of  considerable  interest  to  those  con- 
cern**<l  with  chemical  warfare  (10.  G.  16.  11.  12). 

Perhaps  the  most  |H‘rtinent  illustrative  data  are  contained  in  a  report 
from  Hr  Sid  Itobinson's  lalM)ratory  (16).  In  moderately  hard  work  in  a  Cf>ol 
erivirnnrr.ent.  (Tnhh-  1)  2  m^  of  atro|[)ine  .sulfate  markedly  increased  the 
he.art  rate  without  afTectin/^  the  work  raf)acity  measured  in  terms  of  pul¬ 
monary  ventilation,  oxy.ifen  iipt«ake.  or  lactic  acid  accumulation  in  the  bloo<l 
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DISCUSSION  OF  CARDIOVASCULAR  FUNCTIONS 


Henschel:  The  meetinK  is  now  open  for  discussion  of  the  tests  of  the 
cardiovascular  and  respiratory  systems.  It  is  probably  goin^  to  be  impossible 
to  keep  them  separate  as  methods  for  measuring  work  capacity  or  total 
operative  effectiveness  of  the  individual. 

Dr.  Balke.  what  were  the  conditions  under  which  your  studies  were 
done?  Did  you  have  a  controll€»d  environment? 

Baike:  All  studies  were  done  in  an  air-conditioned  laboratory  at  a 
tcmiH*rnturc  of  22^  to  23°  C.  Concerning  the  factor  of  anxiety,  it  should  be 
mentioned  that  each  "newcomer”  i.s  ^iven  first  a  few  minutes  of  a  practice 
walk  on  the  treadmill  until  he  becomes  entirely  relax(*d  and  familiar  with 
the  treadmill.  During  the  gradually  increased  work,  especially  at  the  higher 
levels  of  work  intensity,  we  have  never  observed  changes  in  pulse  rate 
or  pulse  pressure  which  could  not  l)e  accounttKl  for  by  the  changes  of  work- 
Ioa<ls. 

Henschel:  What  hapi>ens  in  the  case  of  a  different  type  of  anxiety  — 
when  the  individual,  during  his  walk,  gets  to  the  fxjint  of  actual  danger  to 
himself? 

Baike:  Tliis  tyi>e  of  anxiety  has  not  Ix'cn  observed  in  our  studies.  It 
should  l»e  kept  in  mind  that  the  subjiH'ts  are  not  forced  to  proceetl  towards 
a  point  of  exhaustion.  Everyone  may  hold  on  with  the  hands  and  step  off  the 
treadmill  whenever  he  feels  that  the  work  is  excee<ling  his  capacity. 

Henschel:  Dr.  Baike,  didn't  the  measurements  of  blood  pressure  under 
work  situations  turn  out  to  l)e  unreliable? 

Baike:  We  consider  the  normal  procedure  of  measuring  blood  prc»s.sure 
during  work  on  the  treadmill  or  bicycle  ergometer  as  sufficiently  reliable 
and  the  results  obtained  as  most  valuable  in  ass4>ssing  hemodynamic  effici¬ 
ency. 

Johnson:  You  use  the  categories  of  "good,”  ’’bad.”  and  ’’indifferent” 
in  interpreting  results,  but  I  didn’t  hear  you  specify  anything  concerning 
age.  sex.  or  previous  condition  of  .servitude  In  other  words,  is  it  fair  to  say 
that  a  60  year-old  woman  is  in  iKX)r  shape  because  she  is  not  pushing  herself 
up  this  high? 

Baike:  If.  in  general,  work  capacity  is  defined  by  the  maximum  of  meta¬ 
bolic  demands  which  can  be  dealt  with,  adequately  and  aembicaily.  through 
adaptive  mobilization  of  all  the  physiologic  reserves,  this  capacity 
might  not.  nec€?ssarily.  be  affected  by  age  and/or  sex  to  a  too  great  extent. 
The  differences  in  the  ability  to  cope  with  such  metabolic  requirements  ap- 
l>ear  to  be  adc^iuate  indications  of  the  physical  conditions  at  hand.  Regarding 
the  example  mentioned:  a  GO-year-old  woman  migfif  be  in  "better  shape” 
than  a  boy  just  entering  college. 

The  results  obtained  from  a  rather  large  group  of  male  individuals 
within  the  age  range  of  19  to  65  years  demonstrated  clearly  that  work  capa¬ 
city  must  not  necessarily  decline,  with  progressing  age.  to  a  “subnormal” 
level.  Generally,  the  amount  of  physical  activity  throughout  the  life  span 
affects  physical  performance  most. 

Young:  I  am  not  certain  about  one  thing.  Dr  Baike  indicated  that 
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clurinK  certain  conditions  such  as  blood  loss  and  so  on  there  is  a  decrease 
of  10  to  20  percent  in  work  capacity.  Is  that  measured  hy  oxygen  uptake, 
running  time.  CO^ .  pulse,  or  what? 

Balke:  Many  investigators  have  reported  the  existence  of  a  direct  rela¬ 
tionship  between  work  intensity  and  oxygen  consumption.  Our  studies,  in¬ 
volving  bicycling,  running,  or  grade  walking,  were  no  exception  to  this  gener¬ 
ally  accepted  concept.  On  the  contrary,  we  feel  encouraged  to  add  that  the 
amount  of  oxygen  required  to  |>erform  a  given  unit  of  work  is  so  constant 
that  we  might  be  able  to  estimate  the  footpounds  or  meterkilograma  of  work 
output  from  the  oxygen  intake  during  any  conditions  of  rest  or  work. 

Youn^:  This  is  true  for  the  healthy,  normal  individual.  However,  under 
certain  conditions  of  nutrition,  the  puls<‘  rate  might  drop  and  the  oxygen 
consumption  might  remain  relatively  constant. 

Balhe:  I  would  say  the  oxygen  consumption  will  always  he  related  to 
the  work  intensity.  However,  the  pulse  rate  is  a  measure  of  quality.  The 
oxygen  consumption  is  a  measure  of  quantity. 

Crosgntan:  I  believe  Dr.  Taylor  feels  that  the  maximum  oxygen  con- 
•sumption  is  a  relatively  g(K>d  measure  of  |)erformance  capacity.  Under  con¬ 
ditions  of  training,  where  you  find  an  improvement  of  maximum  oxygen 
ctinsumption.  is  this  accompanied  hy  a  corresponding  increase  in  the  load 
ri*quired  to  pitxluce  the  maximum  output?  It  would  seem  to  me  that  that 
would  have  to  be  .so. 

Taylor:  I  don't  think  we  are  measuring  quite  the  same  thing,  although 
in  examining  the  results  in  any  Hi>ecific  situation  it  could  very  well  h  ?  that 
we  would  come  up  with  the  same  answer. 

We  find  umler  the  siK*cific  conditions  under  which  we  are  working  that 
there  is  quite  a  wide  range  of  maximal  oxygen  intakes  at  a  spinrific  workload. 
There  will  come  a  time,  if  you  produce  tremendous  improvement  in  your 
individual,  when  you  have  to  go  to  a  higher  workload.  I  am  not  certain, 
particularly  in  a  training  situation,  why  this  is.  Some  of  this  is  due  to  the 
factor  of  skill.  While  walking  on  the  treadmill  he  is  not  subject  to  improve¬ 
ment  in  mi'chanical  efficiency  to  any  great  degree.  It  is  my  impression  that  in 
grade  running  on  the  treadmill  he  is. 

Rro^eh:  You  have  the  neuromu.scular  comj>onent  of  coordination,  which 
is  variable. 

Taylor:  There  is  a  very  rough  relationship  between  workload  and  maxi¬ 
mal  oxygen  intake,  but  there  are  wide  differences  within  the  same  load. 

Grouman:  That  is  in  Dr.  Balke’s  10  percent?  Is  it  all  included  in  that? 

Taylor:  Well.  I  suppose  this  is  something  that  should  be  examined.  It 
seems  to  me  that  Dr.  Balke  could  be  stopping  his  subjects  before  they  reach 
maximal  oxygen  intake.  I  wanted  to  ask  him  whether  he  had  any  measure¬ 
ments  of  rectal  temperature.  Do  you  find  an  ever-increasing  rectal  temper¬ 
ature  over  the  30  minutes? 

Balke:  After  a  slight  dip  in  rectal  temperature  at  the  beginning  of  the 
work,  we  observed  a  steady  increase  of  body  temperature  from  38^^  to  38.5° 
C.  at  the  end  of  the  test. 

Henschel:  Dr.  Balke.  would  I  be  correct  in  stating  that  if  we  stripped 
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your  tost  of  overything  oxiopt  tho  nifist  fundamental  thin^H.  and  if  you  had 
u  measure  of  the  pulse  rate  hy  your  increasing  step  test,  and  did  ventilation 
volume  and  calculatcHl  oxygen  consumption,  you  actually  then  would  have 
the  basic  data  that  were  rtHjuircHl  for  giving  an  index  of  the  capabilities  of 
the  man  —  a  means  of  classifying  him  according  to  performance  capability? 

lialhv:  The  permissible  simplification  of  the  testing  procedure  was  ah 
ready  dest'riUt].  A  further  simplifying  would  be  against  the  tx>ncept  held 
hy  most  investigators  that  work  capacity  has  to  be  tested  under  working 
conditions  involving  crest  loads.  Of  counw*,  after  a  few  minutes  of  work,  an 
experienced  observer  could  extru|>olute  work  capacity  frt»m  the  early  obser¬ 
vations  made,  but  such  an  extra|X)lation  would  not  be  accurate  enough  for 
comparative  studies  in  the  laboratory. 

Going  Imck  to  Dr.  Henschel's  question,  when  he  asked  for  a 
short  test  criterion.  1  wonder  whether  some  test  of  ex|>osure  to  a  known 
amount  of  carlx>n  dioxide  c*ould  not  lx.*  a  short  test  of  a  person’s  condition 
and  work  capacity? 

Biilkv:  Condition,  not  work  capacity.  Keep  work  capacity  as  work 
capacity.  It  might  lx*  an  indication  of  some  |>erformancc,  but  not  work  capa¬ 
city.  W'e  want  to  know  the  work  capacity  of  patients  under  normal  and  other 
t'onditions.  and  therefore  we  have  to  run  through  this  test,  which  is  very 
short  if  you  compare  it  with  many  other  procedures.  Here  you  get  it  all 
in  about  20  minutes.  Y'ou  have  to  employ  severe  workloads,  otherwise 
you  won't  get  tin*  ixjrrect  results.  Kven  up  to  pulse  rates  of  160  it  might 
not  be  enough. 


27 


THK  SYMPATHICO-ADRENAL  SYSTEM 


FRFD  ELMADJIAN 

Tht'  Wonenter  Foundiition  for  Experimental  Biology 
Shreu’Hbury,  MasHachusettH 
and 

Dementia  Praecox  Research  Project,*  Worcester  State  Hospital 
Worcester.  Massachusetts 

Our  exfMTienci*  with  the  ••mIcKTin**  syMtom  U  limited  to  the  res|>on»e» 
of  the  iulrenn!  ^’land.  The  data  are  c'oncerned  with  the  evaluation  of  the 
pituitary-adrenal  and  the  aympathic'o  adrenal  systems.  Thes<‘  systems  are  of 
the  utmost  imiM»rtance  with  r«*spcet  to  stress  and  |>erformanre  capacity  (19). 

The  evaluation  of  the  sympathico-ad renal  system  is  achieved  by  meas- 
urinK  the  excretion  of  epinephrine  (K)  and  norepinephrine  (NE).  Other 
|)articipunt.s  in  this  conference  are  also  concerned  with  the  sympathict*- 
adrenal  system.  Ortainly.  oxygen  t^onsiimplion.  lactic  acid  formation,  systo¬ 
lic  and  diastolic  pressure,  and  pul.s4>  rate  are  dircH'tiy  re!atc*d  to  the  secretion 
i»f  the  neurohormones.  E  and  NE  (12). 

The  pituitary-adrenal  system  may  also  l>e  studic^d  by  the  measurement 
of  hormones  excrettsl  in  the  urine.  In  this  ca.se  we  are  concerned  with  the 
steroids  siHrreted  by  the  adrenal  cortex  and  their  metabolites.  Two  classes 
of  steroids  give  information  in  this  regard:  (1)  C!9  steroids:  compounds 
having  19  carbon  atoms,  the  IT-kctosteroids  (17-KS),  and  (2)  C2l  steroids: 
compounds  having  21  carbor.  atoms,  the  IT-hydroxycorticosteroids  (17- 
OHCS).  More  recently  the  estimation  of  aldosterone  excretion  which  is 
achieved  principally  by  bioassay  has  been  added  to  the  steroids  involved 
in  stress  (13.  21). 

In  the  .study  of  the  endocrine  system  the  bicxrhemical  measurements  may 
be  concerned  with  the  hormones  M*cret€»<l  by  the  glands  and  their  metabolites 
or  with  the  eflcHTts  of  these  hormones  on  other  various  physiological  processes 
—  e.g  .  electrolyte  metalxilism.  carlxdiydrate  and  protein  metabolism.  Our 
discu.ssion  will  lx*  limitcnl  to  the  hormones  excreted  by  the  glands  concerned 
and  their  metabolites.  We  should  emphasize  that  the  state  of  these  other 
physiological  systems  influences  the  functional  capacity  of  the  endocrine 
system  'Fhe  functions  of  the  pituitary-adrenal  system  are  governed  by  the 
state  of  carbohydrate,  protein,  and  electrolyte  balance  of  the  organism  as 
influenced  by  dietary  regimes,  and  the  neurohormones  of  the  sympathico- 
adrenal  system  are  dependent  on  such  amino  acids,  e  g.,  tyrosine,  for  their 
ultimate  biosynthesis  (10). 

The  adrenal  gland,  consisting  as  it  does  of  two  separate  hormonal  sys¬ 
tems.  is  concerned  directly  with  stress  and  performance  capacity.  The 
functional  relationship  of  each  system  to  the  other  has  been  a  matter  of 
great  interest  in  the  past  20  years,  but  to  date  our  knowledge  regarding  this, 
relationship  is  quite  limited  (14.  17). 

Since  a  discussion  of  the  pituitary-adrenal  system  will  be  pr€*sented 

*Aidcd  in  pari  by  a  nrant  from  the  Army  Mrdiral  Retearrh  and  Development  Board,  Contract 
No.  D.A-49•^)07-MD-438,  The  Ford  Foundation,  and  the  Scoltiih  Rile  Committee  o(  Research  on 
Dementia  Praecox  of  the  NatiotuI  Association  for  Mental  Health. 


Iatt*r.  I  will  ronfint*  the*  rost  of  thin  |)r<'8«*ntation  to  the*  ovaluation  of  the* 
sympathit'o  a(ln*nal  Hy.stfm  a.s  achu*vt*<l  by  tht*  mrasiiromonts  of  urinary 
«»xcreti«n  of  E  and  NE. 

Method.  Urine*  was  oxtractrcl  by  the*  alumina  absorption  method  of  von 
Eiilrr  and  U«*IIn«*r  (2ri)  The*  maximum  efficiency  of  this  methexf  is  70-80 
|K*rc<'nt.  bascil  on  rcHtwory  data.  The  bioassay  was  f)crfnrm<*d  by  a  modifica¬ 
tion  of  the*  nu'theKl  doscril>o<l  by  Gadelum  and  I..Tnt)e*ck  (8).  This  me-thixl 
ctmsiste*«i  e)f  te*stin;:  a  sample*  on  the*  rat  colon  lor  NE  and  the  rat  uterus 
fe»r  E  The*  bie>assay  is  l)iis«xi  e>n  the*  epiantitative  inhibition  by  the*  catechol 
amine's  of  the  contractions  induce*<l  in  ritnt  in  a  2  cc.  Iwith  with  acetylche)line 
(7.  9).  The*  inhibitions  <jf  NE  anei  K  are*  approximate*Iy  enpial  when  te*ste»d 
(»n  the  1^)1011:  but  when  test«*<l  on  the*  uterus.  E  is  7/i  te)  300  times  more 
jxitent  than  NE.  The*  e*e>lon  as.say  was  u.He*<I  when  rapid  estimates  of  total 
(NE  -  El  we're  desire'el 


Nature  of  Epinephrine  and  Norepinephrine  in 
Normal  Human  Trine 

Holtz  et  al.  (12)  using  acid  hydrolysis,  demonstrated  the  pre*8ence  of  a 
pres.-ior  sul>stance*  ( urosyrnpathin  >  in  the*  urine  of  normal  man.  Closer  exami¬ 
nation  of  the*  urine*  e*xtr:ict  iiulie'oted  that  thi.s  pre*ssor  substeince  was  a 
mixture  of  E.  NE.  and  the  relatively  inactive  hydroxytyramine  (23.  22). 
von  Eule*r  and  associate*s  (22)  .Heparate*<l  the*se  amine*s  by  means  of  chroma- 
to;,'raphic  tevhnique-s  anel  shimt-el  that  the*  normal  ameuints  of  these  sub¬ 
stance's  were  0.1  -  0  2  mg.  per  day  for  hydroxytyramine.  20  -  60  g  per  day 
for  NE.  and  1.0  -  8.0  g.  |M*r  elay  for  E. 

Studi**s  were*  unde*rtake*n  to  examine*  some*  of  the*  proix»rti<*s  of  the*  NE 
and  E  present  in  human  urine  (6)  by  (a)  acid  hydrolysis,  (b)  -glucuron- 
itla.se*  hydrolysis,  and  (c)  incubatie>n  with  Myla.se  F  which  was  u,se*<l  as  a 
seuirce*  of  ph(*nol.sul fata.se. 

Table  1  presents  the  data  of  seven  experiments  in  which  four  one-hour 
urine*  aliepiots  were  take*n  freun  e*ach  urine*  .siimple*  One*  aliepiot  was  e*xtracte*d 
directly;  the  second,  third,  and  fourth  were*  acidified  with  sulfuric  acid  to 
pH  1.')  and  lM)il<>el  for  5.  la.  and  30  minute*s.  re*spt*ctively.  and  then  extracte*d 
aft<*r  rapid  ceK)ling  Experiment  No  33.">  represents  the  data  on  total  E  and 
NE  whie’h  were*  <ibtnine»<l  by  the  rat-colon  a.ssiiy.  All  other  experiments 
wa  re*  carrie*d  f»ut  on  both  the*  rat  uterus  for  E.  and  the  rat  color  for  NE. 
It  may  fx*  notenl  that  acid  hydn)lysis  increas<*d  the  NE  titer  after  5  minutes 
of  lioiling:  the*re*  was  little*  le>ss  after  15  minute*s  of  boiling:  but  30  minutes  of 
beiiling  re*sulte*el  in  the*  le)ss  of  up  to  50  perce*nt  e't>mpare*d  to  the  high  values 
obtained  after  5  minute*s  of  boiling.  The*  E  appeared  to  be  mostly  free. 
Ex|>eriment  No.  489  shejws  an  incre*ase  in  measurable  E  after  15  minutes  of 
lx)iling.  Though  the  increa.se  in  amount  was  smaller  percenta'^ewise.  it  was 
appreciable. 

Table  2  pre.sents  data  of  the  NE  and  E  after  one  percent  -glucuroni¬ 
dase  hydrolysis.  This  consisted  of  adding  sufficient  enzyme  to  the  urine  to 
make  a  one  percent  solution  and  then  incubating  at  pH  6.5  for  two  hours  at 
37“  C  (20).  All  samples  were  equivalent  to  a  one-hour  excretion  of  urine. 
There  was  a  marked  ri.se  in  the  measurable  amount  of  NE.  The  E  remained 
the  same,  indicating  that  it  may  possibly  be  free  or  at  least  not  a  glucuron- 
ide.  The  further  qualification  may  be  made  that  these  assertions  are  limited 
to  the  period  of  incubation  used. 
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TABLE  1 


NE  AND  E  VALUE  AT  INTERVALS  DURING  ACID  HYDROLYSIS 

OF  URINE 

Numlior  of  Minutes  Boiled  at  pH  1.5 


0 

5  minutc^H 

15  minutes 

30  minutes 

Sample  No. 

NE 

E 

NE 

E 

NE 

E 

NE 

E 

335  • 

2.3 

49 

4.4 

2.4 

.... 

358 

30 

.09 

5.0 

.11 

3.9 

.12 

3.0 

.06 

364 

1.5 

02 

3.9 

.02 

32 

.02 

1.9 

.01 

489 

26 

43 

2.1 

.40 

30 

.78 

2.1 

.74 

499 

1.0 

.02 

2.3 

.02 

1.2 

.01 

0.9 

.01 

501 

1.4 

.35 

2.3 

39 

2.1 

.29 

1.9 

.27 

502 

33 

.07 

3.7 

.14 

2.7 

rx.r^ 

A/O 

2.3 

.11 

•Total  epinephrine  plus  norepinephrine:  colon  assay. 


TABLE  2 

NE  AND  E  VALUES  AFl'ER  p  GLUCURONIDASE  HYDROLYSIS 

Sample  Unhydrolyzed  Beta-Glucuronidese  (l*7r) 

at  pH  6.5  for  2  hre. 


NE 

E 

NE 

E 

pK 

PK 

!• 

2.6 

4.8 

2 

2.9 

.33 

4.7 

.31 

3 

1.9 

.37 

3.5 

.23 

4 

3.3 

.40 

5.5 

.32 

5 

3.2 

.03 

5.6 

.02 

6 

l.O 

.18 

3.0 

.16 

7 

0.7 

.05 

1.7 

.04 

•Total  epinephrine  plus  norepinephrine:  colon  assay. 
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ExperimontK  concluct«Hl  with  p  icIucuronidaHo  in  a  concentration  of 
0.1  jwrcent  showcKl  no  increaHe  in  the  meaiturable  amount  of  NE. 

To  t€*«t  the  hy|>othefiiH  that  the  i*onjui;ated  material  may  be  a  pheno- 
sulfate,  Myla.se  P  was  used  in  concentration  of  0.1  to  SO  percent.  This  was 
accomplished  by  the  method  described  by  Cohen  and  Bates  (1).  which  con* 
sistcnl  t)f  mnkiri};  various  Mylase  P  concentrations  with  urine  and  incubating 
Ot  a  temperature  of  50°  C.  at  pH  fi.O.  Table  ^  shows  sf)me  results  when  the 
incubation  was  carriwl  out  for  2  hours.  No  increase  could  be  observed  in 
either  E  or  NE.  When  the  incul)ation  was  carried  out  for  4  and  for  20  hours, 
the  NE  and  F  activities  were  h>st. 

In  our  lalsiratories  the  r>-miniite  acid  hydrolysis  was  udopt€*d  as  stand¬ 
ard  prtK'iHlure 


Diurnal  Variation 

Preliminary  experiments  w»‘re  carrie<l  out  on  .samples  assayed  by  the 
rut  col»)n  metlunl  which  furnished  an  «*Htimate  of  the  total  NP'  and  E.  Five 
Hiimples  »)f  day  urine  were  extractisi  in  duplicate  and  the  differences  between 
duplicates  were  c<unp.ir»ti  with  tlifliTenci^s  ol>s<*r\'»*d  between  the  .sleep 
(night)  and  waking  (day)  samples  of  two  normal  subjects  (Table  4).  Fair 
to  g<Hxl  agreement  was  ohser\<si  in  the  duplicate  samples,  hut  there  was 
much  in<)r»‘  .N‘I-'  F.  in  the  dav  sam[)le.s  than  in  the  night  sampl€*s  of  two 
individuals  t^'stfsl  ((i).  In  Table  f)  are  pr»»sente<l  data  on  the  NE  and  E 
excretion  during  sle»>p  and  wakim:  states  on  two  normal  subjects.  Night 
.samples  of  urine  were  colht'tisi  during  a  p<*riod  from  approximately  10:00 
p  m.  to  0:30  a.m.  and  day  samples  wer»*  collecttnl  from  0:30  a.m  to  noon.  All 
subjis'ts  had  hreakfas!  .irul  eonduclisl  thi*ir  usual  activities  whiidi  consisted 
of  laboratory  routines  Fable  5  contains  additional  data  on  six  normal 
subjt*ct.s  consisting  <>f  pliv.->icians  and  lalxiratory  personnel  who  were  con¬ 
ducting  their  usual  daily  activities  (3)  Each  collecti'd  a  sample  representing 
the  peruxl  of  sleeping,  a  .second  sample  from  the  time  of  waking  to  about 
10:00  am.  and  a  third  .sample  fn)m  l(i:(K)  am.  to  the  time  of  retiring  at 
night.  There  was  an  increase*  in  the  excretion  rate  of  E  and  NE  during  the 
morning  and  day  samples  over  that  olwi<*rv'e<l  during  sleep.  The  NE  in¬ 
creases  were  not  as  large  perceiitagew'i.se  as  for  E  values. 

Infusion  Experiments 

P.H..  a  male  chronic  schizophrenic  (9f>  Kg.)  was  infused  with  NE  in 
dosag€*s  of  0.05,  0.10  and  0.20  pg./kg./min.  for  30  minutes,  in  addition  to  a 
control  saline  experiment  on  a  different  day.  Urine  samples  were  collected 
before  the  infusion  (9:00-10:00  a.m.).  during  the  infusion  ( 10:00- 1 1 :00  a.m.) 
and  after  its  termination  (11:00-12  noon).  The  same  procedure,  using  E.  was 
carried  out  on  another  male  chronic  schizophrenic  subject,  J.  M.  (65  Kg.). 
Blood  pressure  and  pul.se  readings  were  made  at  10-minute  intervals  before 
the  initiation  of  the  infusion  and  at  1-,  3-.  5-,  10,  20-,  25-,  and  30-minute 
intervals  during  the  infusion.  At  termination  the  readings  were  again 
made  at  similar  intervals  up  to  30  minutes,  and  then  every  10  minutes  for 
the  next  half  hour.  (4) 

Figures  1  and  2  depict  the  blood  pressure  and  pulse  changes  after  the 
infusion  of  E  and  NE.  respectively.  Although  there  was  increased  tachy¬ 
cardia  with  increased  dosage  of  E.  there  was  bradycardia  after  infusion  of 
NE.  Though  each  substance  showed  a  pressor  effect,  that  obtained  with  NE 
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TABLE  3 

NE  AND  E  VALUES  AFTER  MYLASE  P  HYDROLYSIS 
(Incubation  for  Two  Hours) 


Sample  No. 

Procedure 

NE 

E 

PK 

496 

A.  Incubated  control 

2.2 

.31 

B.  0  5%  Mylase  P 

2.6 

.29 

C.  2.0%  Mylase  P 

28 

.30 

D.  6.0%  Mylase  P 

2.0 

21 

523 

A.  Incubated  control 

2.7 

.19 

B  2  0%  Mylase  P 

2.3 

.15 

C  0.5%  Mylase  P 

2.6 

.14 

D  0.1%  Mylase  P 

2.1 

.12 

TABLE  4 

TOTAL  URINARY  EPINEPHRINE  (E)  PLUS  NOREPINEPHRINE 
(NE):  COMPARISON  OF  DUPLICATE  DAY  SAMPLES  VERSUS 
COMPARISON  OF  NIGHT  AND  DAY  SAMPLES 


Sample  No. 

Nature  of  Collection 

Total  NE  4 

(  pR./h 

U  1  A 

(D)  + 

6.4 

B 

4.4 

U6A 

(D) 

1.9 

B 

1.7 

U7  A 

(D) 

2.0 

B 

2.2 

USA 

(D) 

3.0 

B 

3.4 

U9A 

(D) 

1.0 

B 

0.9 

U3 

(N) 

0.6 

F.E. 

(D) 

4.4 

U4 

U  10 

(N) 

1.2 

E.L. 

(D) 

2.8 

U  11 

*  Ck)lon  Assay:  estimate  of  total  epinephrine  plus  norepinephrine 
-f  (D)  »  Day  sample  (see  text)  (N)  »  Night  sample 
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CPtNCPUfilNC  INru!liON 


Fif;  1.  BIckkI  pressure  and  pulse  measurements  in  a  subjiHrt  rtHreiving 
saline,  and  epinephrine  in  dosiiges  of  .05.  .10  and  .20  /  min.  for  thirty 

minuUMi  on  different  days.  (Ordinate  bhxKl  pressure  (mm.Hg)  and  pulse 
(beats  |>er  min.).  (Shaded  area |>erio<l8  of  infusion.) 


iNrj!>iON 


Fig.  2.  Blood  pressure  and  pulse  measurements  in  a  subject  receiving 
saline,  and  norepinephrine  in  dosages  of  .05,  .10  pg./kg./min.  for  thirty 
minutes  on  different  days.  (Ordinate  ==> blood  pressure  (mm.Hg)  and  pulse 
(beats  per  min.).  (Shaded  area  =  periods  of  infusion.) 
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TABLE  5 


DIURNAL  VARIATION  OF  NE  AND  E  EXCRETION  IN 
NORMAL  SUBJECTS  • 

Study  A.  Two  SubjecU 


NE 

E 

|Ag/hr 

pg/hr 

Sleep: 

1.2 

0.02 

Hh0.12 

±0.002 

Morning: 

2.9 

0.40 

±0.48 

zirO.lO 

Study  B.  Six  Subjects 

Sleep: 

1.2 

0.02 

±0.14 

±:0.01 

Morning: 

2.3 

0.10 

±0A9 

±0.02 

Day: 

2.4 

0.21 

•  See  text  for  times  of  collection. 

±0.60 

:t0.07 

wsM  more  proiiounc‘Hl  and  aetompanied  by  an  increaftc  in  the  diaatolic 
pressure,  whereas  with  E  there  no  change  or  a  decrease  in  the  diastolic 
pressure  The  resi>ective  changes  in  the  hemodynamics  were  apparent  within 
one  to  three  minutes  after  the  initiation  and  termination  of  the  infusion. 
These  results  are  consistent  with  those  reported  in  the  literature  (12).  In 
Table  6  it  may  Ije  siH'n  that  with  the  infusion  of  E  there  was  an  increase 
in  the  E  measurable  in  the  urine  with  increasing  dosage,  but  there  was  no 
I'onsistent  change  in  NE  excretion.  After  NE  infusion  more  of  the  infused 
amine  np{H*ared  in  the  urine  than  after  K  infusion  (6).  When  there  was  a 
high  pre  infusion  E  excretion,  such  as  before  the  dosage  of  0.10  pg  /kg. /min. 
in  both  subjects,  there  was  a  high  systolic  blood  pressure  as  well  as  slight 
increase  in  pul.se  rate  (Figures  1.  2). 

Figure  3  depicts  the  data  of  10  E  infusions  and  9  NE  infusions  in  doses 
of  0.05.  0.10  and  0  20  micrograms  per  kilogram  per  minute  conducted  in  the 
manner  dt*scribed  abtive.  The  data  includc's  the  results  presented  in  Table  6. 
The  figure  shows  the  hourly  excretion  for  each  dosage  rate  above  its  control 
level.  P'or  the  NE  infu.sion.s  the  relationship  of  excretion-above-cxmtrol  and 
dosage  .seemtKl  to  b<'  <*.HH<*ntially  linear.  However,  in  the  case  of  E  infusion, 
there  was  a  sharp  change  in  the  slope  at  doses  above  0.10  pg./kg./min. 
.Although  there  was  two  fold  increase  in  the  excretion  rate  with  the  doubling 
of  the  dose  from  0.05  to  0  10  pg./kg./min..  there  was  a  sevenfold  increase  in 
the  excretion  rate  on  subsequent  doubling  from  0  10  to  0.20  pg./kg./min. 
These  data  served  in  estimating  the  approximate  secretion  rates  of  E  and 
.NE  in  the  studi€*s  to  1h»  re|)orted. 

.As  indicate<l  from  the.se  experiments  only  0.5  to  2  percent  of  the  infu  xl 
K  could  he  accountwl  f<»r  in  the  one-hour  {Kist-infusion  urine,  and  3  to  6 
percent  of  the  NE  in  a  similar  experiment.  This  posed  the  question  regard¬ 
ing  the  fate  of  the  unactHJunted  material.  Dr  Oscar  Resnick,  of  our  labora¬ 
tories.  has  undertaken  the  study  of  the  metabolism  of  E  labeled  at  the 
Ix'ta  fKisition  with  C  '*  as  well  as  with  E  lah<*h*<l  at  the  methyl  position  with 

(Figure  4)  (18).  A.s  indicated  in  Figure  5.  the  excretion  of  radio-activity 
is  rapidly  increase<!  in  the  urine  for  the  first  few  hours  after  the  onset  of 
the  infusion.  In  the  seven  siibjtHts  infu.sed  with  the  heta-C’*  -dl-E-d-bitart- 
rate  91  *  3  percent  of  the  total  radioactivity  could  he  accounted  for  within 
30  hours  after  the  infu.sion.  In  the  three  subjcHTts  infused  with  methyl-C*^ 
dI  E-  3-1  *  3  jH'rcent  of  the  total  radioactivity  could  be  acct>unted  for  in  the 
urine.  The  infusion  of  both  tyi^es  of  isotopically  labeled  E  resulted  in  the 
increa.se  in  the  urinary  excretion  of  non- metabolized,  biologically  active  E. 
This  increase  was  demonstrable  only  during  the  first  two  hours  after  the 
onset  of  the  infusion,  after  which  the  urinary  excretion  of  biologically  active 
E  returned  to  the  control  levels.  These  observations  are  in  agreement  with 
the  previous  data  just  shown  following  the  infusion  of  non-labeled  E  in 
human  subjects.  The  increase  in  biologically  active  E  in  these  experiments 
ranged  from  approximately  1  to  2  percent  of  the  infused  E.  It  should  be 
mentioned  that  the  hioassays  of  the  urine  extracts  measured  biologically 
active  E  in  the  form  of  its  laevo  isomers.  The  radioactivity  recovered  in  the 
urine,  on  the  other  hand,  was  due  to  the  metabolites  derived  from  both 
dextro  and  laevo  isomers  of  the  isotopically  labeled  E  and  the  non-metab- 
-olized  d-l  E. 

These  results  indicated  that  the  metabolites  of  E  are  excreted  over  a 
30-hour  period.  While  the  E  measurable  by  the  bioassay  appears  in  the 
first  few  hours  (0.5-2  percent  of  the  dose  infused),  the  radioactivity  excreted 
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r  INrU3lON  NC  INPUSON  c 


DOSC  or  INOISED 


Fi^^  3  Thf  t  jicrt'ti<»n  of  epinephrine  (E)  and  norepinephrine  (NE) 
aiK)ve  control  levels  after  thirty -minute  infusion  of  E  and  NE  in  doses  of 
0  03.  0.10  and  0.20  ks  ./min.  (see  text). 
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epine:phrine 


CUMULATIVE.  PEeCENrOEINruSLDEAOOOViry  IN  U!?IN£ 


Fik-  The  average  cumulative  hourly  urinary  excretion  of  total  radio¬ 
activity.  The  top  line  (.solid  dots)  represents  the  average  values  for  seven 
infusions  with  lH‘ta-lal)eled  epinephrine.  The  bottom  line  (open  circles) 
represA'nts  the  average  valuers  for  three  infusions  with  methyl-labeled  epin¬ 
ephrine. 


Fig.  6  Relation  of  the  mean  resting  systolic  pressure  to  norepine¬ 
phrine  excretion  rate  during  the  control  period. 
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ifi  30  to  40  percent  (beta  C*^-K)  of  the  count  given  during  the  same  period. 
In  addition  65  t>ercent  of  the  metabolized  E  loses  the  methyl  group  during 
this  process.  This  latter  finding  seems  to  support  the  hypothesis  that  oxida¬ 
tive  deamination  does  take  place  in  man. 

Relation  of  Resting  Systolic  Pressure  to 
Norepinephrine  E.\cretion 

Figure  6  shows  the  relationship  of  the  resting  systolic  blood  pressure 
to  the  NE  excretion  (2).  The  normal  subjects  show  a  |x>sitive  correlation 
betwiH»n  systolic  pressure  and  NE  excretion,  with  an  r  «  0.74,  which  is 
significant  at  better  than  1  i>ercent  Icwel  (Table  7).  When  thr€»e  groups  of 
subjects  (normals,  acute,  and  chronic  schizophrenics)  are  included  in  the 
statistic,  "r"  value  is  0.55.  Though  lower,  it  is  still  significant  at  better  than 
1  iiercent  level  of  confid«*nce.  In  the  up|)er  left-hand  corner  of  Figure  6  we 
observe  two  chronic  schizophrenics  who  show  relatively  high  systolic  pres- 
.sures  and  display  vt-ry  low  excrt^tion  rates.  These  two  subjects  were  not 
included  in  the  statistical  computations.  Both  of  these  subjects  showed  ele¬ 
vated  pul.s<‘  rates  of  80  to  90  |)er  minute.  It  i.s  also  w'orthy  of  note  that  the 
acute  schizophrenics,  though  few  in  numIxT.  do  show  marked  individual 
vnriation.s.  Howt'ver.  in  general,  it  is  evident  that  systolic  blood  prc*ssure 
proves  to  be  correlate<i  with  NE  excretion,  with  the  correlation  being  highest 
in  normal  subjcHTts. 


Pursultmeter 

Three  hour  Studies:  Table  8  shows  data  on  four  normal  subjects  (aged 
26  to  34)  who  operated  the  Hoagland-Werthessen  pursuitmeter  (16)  (which 
simulates  the  operation  of  the  control  of  a  plan)  for  three  hours  (6).  They 
had  rest  jK*riods  of  five  minutes  at  the  end  of  the  first  and  second  hours.  The 
pre  str<?ss  control  sample  represents  urine  coili*cted  during  a  jx*riod  approxi¬ 
mately  between  8:00  a  m.  to  1:00  p  m.,  and  the  stress  represents  urine  col¬ 
lected  during  the  operation  of  the  pursuitmeter,  i.e.,  from  1:00  p.m.  to  4  p.m. 

Subject  N.G.  showed  a  marked  response  to  stress  in  E  excretion  in  each 
of  the  three  experiments.  On  the  other  hand,  subject  S.K.  showed  little,  if 
any  increase  in  E  excretion,  but  fair  increases  in  NE.  Subjects  T.H.  and  F.U. 
showed,  in  general,  small  increases  in  both  E  and  NE  excretions.  Though 
precautions  were  taken  to  control  the  factor  of  motivation  hy  awarding 
prize  money  for  the  best  performance,  it  is  possible  that  the  results  were 
influenced  by  the  relative  effort  made  hy  each  subject  in  the  psychomotor 
I>erformance.  It  is  of  interest  that  subject  N.  G.  was  determined  to  be  the 
best  j>erformcr  and  actually  succeeded  in  being  the  highest  scorer,  whereas 
subject  S.  K.  was  indifferent  and  was  the  lowest  scorer.  The  number  of 
experiments  was  too  small  to  serve  as  a  basis  for  generalization;  suffice  it  to 
state  that  consistent  increases  in  E  or  NE.  or  both,  though  varying  in 
amount,  were  demonstrated  in  the  four  subjects  tested  with  this  procedure 
for  inducing  stress. 

Two-hour  Studies:  Six  young  men  (aged  17  to  19)  were  subjected  to 
three  or  four  psychomotor-stress  tests  under  hypoxic  conditions  (10  percent 
oxygen)  for  two  hours  (6).  The  control  urines  were  collected  in  the  forenoon, 
as  in  the  three-hour  group.  The  experiments  were  conducted  from  1:00  p.m. 
to  3:00  p.m.,  and  the  subjects  did  not  have  any  rest  during  the  stress 
period. 
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TABLE  7 


RELATION  OF  RESTING  BLOOD  PRESSURE  TO 


NOREPINEPHRINE  EXCRETION  (2) 

N 

r 

P 

Normals 

10 

0.74 

<0.01 

All  Subjects* 

23 

0.55 

<0.01 

*  TVo  chronic  schizophrenics,  who  gave  on  repeated  testing  a  high  systolic 
pressure  with  low  epinephrine  and  norepinephrine  excretion  values,  were 
omitted. 


TABLE  8 


EPINEPHRINE  (E)  AND  NOREPINEPHRINE  (NE)  EXCRETION 
IN  PSYCHOMOTOR  STRESS  WITHOUT  HYPOXIA 
(HOAGLAND-WERTHESSEN  PURSUITMETER) 


Subject 

Date 

E 

NE 

lig/hr. 

(ig/hr. 

NG 

Jan.  26.  19St 

(C)* 

0.17 

4.2 

(S) 

1.13 

7.6 

Feb  2.  1954 

(C) 

0.35 

4.2 

(S) 

0.93 

6.6 

Feb  9.  1954 

(C) 

0.48 

4.4 

(S) 

2.00 

3.8 

S.K. 

Jan  27.  1954 

(C) 

0.06 

2.7 

(S) 

0.07 

5.9 

Feb.  3.  19.54 

(C) 

0.08 

1.7 

(S) 

0.10 

2.7 

Feb  8.  1954 

(C) 

0.15 

1.8 

(S) 

0.14 

3.4 

F.U. 

Feb.  1.5.  1954 

(C) 

0.18 

4.0 

(S) 

0.23 

Feb.  23.  1954 

(C) 

0.24 

1.5 

(S) 

0.24 

1.7 

Mar.  2.  1954 

(C) 

0.48 

2.0 

(S) 

0.68 

2.6 

T.H. 

Feb.  26.  1954 

(C) 

0.15 

2.0 

(S) 

0.37 

2.6 

Mar.  5.  1954 

(C) 

0.14 

0.9 

(S) 

0.16 

1.6 

Mar.  12.  1954 

(C) 

0.09 

2.8 

(S) 

•  (C)  --  Control.  (S)  -  Stress  (see  text). 
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UmJer  t*<)n(lition.s.  con.Hulorinf;  the  huhjc'cts  an  a  jjroup.  there  were 

significant  increaseM  in  the  output  of  K  during  the  .streiw  period,  compared 
with  the  output  in  control  runs.  The  mean  value  of  the  control  NE  excre¬ 
tions  in  18  ex{N>rimenU  was  i  .3  pn.  per  hour  ati  compared  with  2.7  pg.  per 
hour  for  the  stress  samples.  The  nu*un  value  of  the  control  E  excretions 
in  17  ex|H*rimentM  was  .08  p^.  per  hour  as  comparer!  with  .18  pg.  per  hour 
for  the  stress  samples.  The  increase  in  the  excretion  of  E  during;  the  stress 
was  .siKmificant  at  1  percent  lev«*l.  However,  it  was  €‘vident  that  there  were 
sulistantial  individual  difTerenci's.  8uhj«*ct  I*  !*.  showwl  a  marke<l  increase 
in  E  in  each  of  his  three  runs,  whereas  subj€*ct  R.  P..  his  identical  twin. 
showtKl  no  increase  durini;  the  same  priH*e<lure  (Table  9)  The  individual 
difTerences  could  not  fs*  explaintKi  on  the  basis  of  the  scores  attainixl  by  the 
subj«*<'i  in  this  stress  priK*c‘<lure. 


P.sychotic  Siibjt'cts  on  Whom  Malamud-Sand.s  Rating 
Scale  Kecord.s  Were  Obtained 

In  ten  psychiatric  patients  a  study  was  made  of  the  relationship  between 
results  of  .Malanuid  Samis  rating  scale  te.sts  ami  the  excretions  of  K  and  NE 
(3).  This  .scale  (la)  rates  the  patient  in  22  cate;:ories,  and  the  data  are  re- 
cordtsl  on  a  chts'k  sh«*et.  On  the  ratinK  scale  each  item  .scoreni  is  i.-'.dicated 
on  the  left  han<i  sidi*.  A  oesii»nati*<i  l>ase  line  appears  at  the  center  of  the 
rating:  s<’ale  (ioin^’  from  the  base  line  either  to  the  left  or  tlie  riK’ht,  the 
deviations  are  observed  (Table  !0).  In  the  preliminary  analysis  of  the  data, 
motor  activity  and  hostility  reactions  were  ul)stracttHi  and  a  com|K)site  score 
includim:  these  two  items  was  computiKi  In  figure  7  is  shown  the  relation¬ 
ship  of  tiii.s  ;sii>re  to  NK  excretions;  t!u>se  with  passive.  self-efTacing  emotional 
display  had  normal  levels  of  NE  In  Figure  7  when  a  line  appears  through 
the  circles,  it  indicates  that  the.si*  suhj<*ct.s  al.so  had  a  high  excretion  of  E 
rhe  subji-ct  indicatc-d  by  an  asterisk  had  normal  NE  excretion,  but  the 
excretion  of  E  was  2.75  pg.  per  hour,  which  is  extremely  high.  This  cubject 
showasi  p'eritKiic  hursts  of  excitement  with  expre.ssions  of  fear  and  guilt. 


Neuropsychiatric  Patients  during  Staff  Intcr\ie\vs 


'Fhe  txmditions  of  the  interview  were  in  markid  contrast  to  those  en- 
counteriKi  by  the  athletes  or  the  patiimts  on  the  p.sychiatric  ward.  The 
patient  sits  across  from  the  psychiatrist  doing  the  interviewing  in  the  pre¬ 
sence  of  some  20  members  of  the  hospital  medical  staff.  The  setting  is  ser¬ 
ious.  and  to  the  patient  it  is  very  im|K)rtant  becau.se.  on  the  basis  of  his  per¬ 
formance.  d«H?isions  are  made  by  the  staff  which  affect  his  immediate  future. 

Eleven  subjects  were  studie<l.  on  eight  of  whom  control  urine  samples  were 
obtairnd  (3).  The  interview  took  place  on  Thursday  mornings,  and  the  con¬ 
trol  .sample  was  obtained  at  the  same  time  on  the  next  day  —  Friday.  The 
results  are  listed  in  Table  II.  There  were  no  changes  in  the  NE  excretion 
when  the  interview  day  was  compared  with  the  control.  However,  in  every 
subj€K!t  on  whom  a  control  was  obtaine<i  there  was  an  elevated  excretion  of 
E  during  the  interview.  As  might  be  expected,  there  was  marked  individual 
variation  in  this  increase.  The  subjects  in  general  were  self-efTacing  and  on 
their  best  behaviouh  with  no  aggressive  or  active  display. 
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TABLE  9 


EPINEPHRINE  (E)  AND  NOREPINEPHRINE  (NE)  EXCRETION 
IN  PURSUITMETER  STRESS  WITH  HYPOXIA 


Subject 

Age 

Date 

E 

NE 

^lg/hr. 

lig/hr. 

P.P 

17 

July  19.  1954 

(€)• 

0.10 

1.4 

(S) 

0.42 

1.6 

Aug.  3.  1954 

(C) 

0.03 

3.2 

(S) 

0.26 

5.2 

Aug.  31.  1954 

(C) 

0.04 

2.0 

(S) 

0.35 

3.4 

R.P. 

17 

July  15.  1954 

(C) 

0.14 

1.6 

(S) 

0.16 

1.5 

Aug.  (i.  1954 

(C) 

0.09 

3.0 

(S) 

0.05 

1.6 

.Aug.  27.  1954 

(C) 

0.16 

2.2 

(S) 

0.17 

1.5 

•  (C)  —  Control.  (S)  —  Stress. 
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Fig.  7.  The  relation  of  norepinephrine  excretion  to  emotional  state  of 
neuroi>8ychiatric  patienta.  (The  abscissa  depicts  the  composite  score  for 
the  functions  of  motor  activity  and  hostility  reactions  from  the  Malamud* 
Sands  rating  scale,  and  the  ordinate  represents  the  excretion  of  norepine' 
phrine  in  pg.  jH*r  hour  during  the  observation  period.) 
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Fig.  8.  Data  on  therapist  and  patient  during  6  psychotherapeutic  inter¬ 
views.  ‘'indicates  normal  values  for  E  and  NE  for  patients.  4-  represents 
normal  values  for  therapist  for  same  time  of  day  when  not  engaged  in 
psychotherapeutic  process.  Open  bar  indicates  E  excretion  ^g./hr.;  hatched 
bar,  NE  excretion  pg./hr.;  IT-hydroxyc'orticosteroids  of  same  samples  given 
in  center  of  figure  as  mgm/hr. 
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TABLE  11 


STAFF  CONFERENCE  INTERVIEW  OF 
NEUROPSYCHIATRIC  PATIENTS 


N  NE  E 

^g/hr.  ^ig/hr. 

Interview  11  2.6  .50 

±A  ±.14 

Control  8  2.3  .27 

±2  ±.\2 


Difference  NS  P  —  less  than  .001 
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Examples  of  the  variability  oImutvchI  on  two  patienU  arc  prcM»cntcd 
bt»low. 


Patient  J.(\  — “The  patient  is  rather  sloppy  in  his  |x>sture  and 
attire.  HeH|M>nses  are  brief,  to  the  iK>int  with  little  elaboration,  and  oc¬ 
casionally  eva-sive.  The  patient  has  a  shifting  amnesia  for  recent  events 
and  is  unable  to  jiive  a  coherent  description  of  what  hapi)ened  prior  to 
admission  and  since.  He  questions  and  ^uessc^s  the  month  as  December. 
AlthouKh  there  is  a  history  of  inten.se  alcoholism  and  some  evidence 
that  the  patient  hallucinatini  during  the  first  part  of  his  hospitalization, 
he  denies  any  such  ex|>eriences.  —  There  is  a  hi.story  of  recent  seizures. 
CSF  total  pmtein  el<*vat€Hf  and  KEG  show«*<l  slowing  in  anterior  leads.” 

Diagnosis:  1.  Acute  Hrain  Syndrome  of  Unknown  Etiology 

2.  Acute  Alcoholic  Intoxication 

During  thi*  interview  J.  ('.  was  calm,  unperturlxnj  by  the  event  and 
showe<i  no  overt  evitleiice  of  anxiety. 


NE 

E 

pg./hr. 

pg./hr. 

Inter\'iew 

2  ') 

0  19 

Control 

3.0 

0.05 

Patient  VV.  1).  —  “The  patient  b  alert,  attentive;  he  is  fidgety,  un¬ 
easy.  and  ten.He  during  the  first  part  of  the  interview,  expressing  anxiety 
at  the  interview  .situation  although  this  .st*«*ms  to  largely  di.sappear  at 
the  end  (»f  the  inter\'iew  He  is  ingratiating,  expressing  himself  well, 
with  a  viK'abulary  indicating  gisKl  intelligence.  There  is  no  evidence 
of  delusions,  hallucinations  or  formal  disturl>ance  in  thought.  His  affect 
seems  shallow  and  there  .seems  to  lx-  little  evidence  of  real  remorse  or 
feelings  of  guilt.  His  judgment  is  inadcxpiate  and  he  shows  a  long-stand¬ 
ing  penw»nnlity  pattern  of  superficial  relationships  with  people  and  a 
narci.ssistic  immature  attitude.” 

Diagnosis:  Dissocialization  Reaction. 

During  the  inter\'ic*w  W.  I),  showed  evidence  of  ten.seness  and 
anxiety.  He  was  perturlxxl  by  the  interview  situation  and  stated  his 
concern  and  anxiety  over  the  interview  situation. 


NE 

E 

pg./hr. 

pg./hr. 

Interview 

1.1 

1.60 

Control 

1.8 

0.15 
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Psychotherapeutic  Process 


In  the  iMJurse  of  pNychotherapeutic  treatment,  Kamples  were  ohtaincKl 
from  both  therapiat  and  patient.  The  therapeutic  interv'iews  took  place 
U'tween  8:00  a  m.  and  9:00  a.m.  Samplers  were  obtained  Ix*fore  and  after 
each  therapeutic  st^HMion  aa  well  an  on  control  daya  during  the  .name  hours 
when  neith«*r  suhjtH*t  waa  involvinl  in  a  psychothera|>eutic  interview.  Six 
psychothera|M*utic  S4*Hsion.H  and  six  control  days  were  atuduni.  Urine  samples 
ohtaine<l  were  analyzc*d  for  NE.  K  and  17  0HCS  (20).  FiKure  8  contains  the 
data  on  lM)th  therapist  and  the  patient,  obtaini'd  during  the  th<Tapy  s4^aion. 
Along  the  ahsi’i.ssa  are  irulicatt'd  the  control  values  for  Ixith  the  therapist  and 
the  patient.  During  the  first  interview  we  olwerve  that.  l>oth  patient  and 
therapist  showe<i  normal  valims  during  the  psychotherapeutic  .session  as 
compansl  to  th-eir  contr<»l.  In  th<*  wk-oivI  s^^ssion  a  .slight  elevation  is  oh- 
.seiAtsI  in  the  NE  atui  17  OIK'S  excretion  for  the  thera|>ist.  with  the  patient 
still  within  normal  limits  for  these  determinations.  In  the  third  session  the 
results  indicate  that  all  values  arr  within  normal  limits.  In  the  fourth 
psychotherapeutic  interview,  the  .samples  indicates!  a  twofold  inrrea.se  in  the 
IT-OHCS  excretion  with  markisl  e)evatit)ns  for  both  E  and  NE  for  the 
therajiist  'I'he  patient  still  showisl  normal  values.  In  the*  fifth  psyclu>thera- 
peutic  .session,  we  ol>serse  elevattsi  17  OIK'S  values  for  the  therapist,  ac- 
<‘ompanie<)  hv  high  values  in  NE.  hut  E  values  returnee!  to  normal.  However, 
we  now  (»hs«T\e  the  juitient  showing  a  markisi  increa.s4»  in  NE  exrreti»)n  with 
considerable  elevation  in  E  excretion,  with  n<»  increase  in  17-OHCS  In  the 
sixth  interview  we  note  again  a  highly  elevateti  17-OHCS  excretion  for 
the  therapist,  with  a  nKxlerately  high  NE  value  and  normal  E  excretion. 
'I'he  patient’s  value  shows  an  elevati*d  NE.  hut  E  was  hack  to  normal. 

information  ohtaintxl  from  the  therapist  indicated  that  in  session 
numb<*r  four  the  th<*r:ipist  was  .severely  criticized  by  the  patient  and  the 
interview  got  'out  of  hand.”  The  therapist  was  aware  of  his  predicament 
subjectively  and  did  admit  iinplea.sant  emotional  experience.  In  the 
fifth  session,  during  the  course  of  the  psychotherapeutic  interview,  the 
patient  critsi.  showing  considerable  emotional  expression.  The  therapist 
wa.s  quite  concermsl  alxiut  the  turn  of  events  which  had  now  taken  an 
iinex|>ecttxl  course*  with  regani  to  the  therapy.  This  as|)ect  is  also  shown  in 
the  sixth  .session  where  the  therapist  again  shows  high  values  in  17-OHCS 
and  an  elevat(*d  NE  excn*tion. 

These  data  indicate  that  there  is  a  possibility  to  study,  by  means 
of  these  measurements,  the  emotional  exchanges  between  the  therapist 
and  the  patient  during  a  p.sychotherapeutic  process.  Fmm  the  physiological 
IKiint  of  view  it  may  also  ho  noted  that  excretion  of  these  substances  during 
such  an  intepyiew  apparently  reach  levels  which  are  identified  with  stressful 
tasks  such  as  operation  of  the  pursuitmeter  or  participation  in  athletics. 
These  results  again  show  that  NE  excretion  under  certain  circumstances 
increases  without  an  elevation  in  E.  which  further  emphasized  the  fact 
that  these  hormones  may  be  differently  secreted,  possibly  depending  on  the 
nature  of  the  emotional  strew  and  the  accompanying  sympathico-adrenal 
responses. 


SUMMARY 


Urinary  NE  titer  was  shown  to  increase  with  acid  hydrolysis  and 
incubation  with  beta  glucuronidase  while  E  appeared  to  be  mostly  in  free 
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form.  Ek|>«rimenta  with  Mylase  P  as  a  source  of  phenolsulfatase  gave 
negative  results  for  both  catechol  amines. 

Infusion  experimenta  indicated  that  only  0.5  to  2.0  percent  of  the 
infused  dose  of  E  and  3.0  to  6  0  percent  of  NE  was  accountable  in  urine  by 
bioassay.  Studies  with  isotopic  E  (C^  labeled  at  the  beta  and  methyl 
position)  supported  the  view  that  oxidative  deamination  was  a  major 
metabolic  pathway. 

Variations  in  E  and  NE  excretion  were  demonstrated  in  various 
emotional  states.  The  riMiults  sup|)ort  the  hyjyothesis  that  NE  excretion  is 
increased  when  there  is  an  active  aggressive  emotional  display  and  E 
excretion  is  elevated  in  cases  of  tense,  anxious,  but  passive  display. 

REFERENCES 

1.  Cohen.  H.,  and  Bates.  R.  W.  Hydrolysis  of  conjugated  sulfates  of 
estrogens  by  o'-nimercial  enzym*’  i)reparation  of  a.si>ergillus  oryzae. 
Endocrinology.  4-4.  317,  (1919). 

2.  Elmadjian,  F..  Ho|>e.  J.  M..  and  Freeman.  H.  Methacholine  test  and 
epinephrine  and  arterenoi  excretion.  A  M. A.  Arch.  Neurol.  4  Psychiat. 
77.  399.  (1957). 

3.  Elmadjian.  F..  Hope.  J.  M..  and  Lamson.  E.  T.  Excretion  of  epine¬ 
phrine  and  norepinephrine  in  various  emotional  states.  </.  Clin.  Endo- 
crin.  k  Metab.,  17.  608,  (1957). 

4  Fdmadjian,  F..  Lamson.  E.  T..  Freeman.  H..  Neri,  R..  and  Varjabedian, 
L.  Excretion  of  epinephrine  and  norepinephrine  after  the  administration 
of  in.sulin  and  methacholine.  J.  (’lin.  Endocrin.  8c  Metab.,  16,  876, 
(1956). 

5.  Elmadjian.  F.,  Lamson.  E.  T.,  and  Neri,  R.  The  nature  of  adrenaline 
and  noradrenaline  in  normal  urine.  J.  Clin.  Endocrin.  k  Metab.,  16, 
216,  (1956). 

6.  Elmadjian.  F..  Lamson,  E.  T.,  and  Neri.  R.  Excretion  of  adrenaline 
and  noradrenaline  in  human  subjects.  J.  Clin.  Endocrin.  &  Metab.,  16, 
222,  (1956). 

7.  Gaddum.  J.  H.  Estimation  of  substances  liberated  by  adrenergic  nerves. 
Methods  in  Med.  Rea.,  3,  116,  (1950). 

8.  Gaddum.  J.  H..  and  limbeck.  F.  The  assay  of  substances  from  the 
adrenal  medulla.  Brit.  J.  Pharmacol.,  4,  401,  (1949). 

9.  Gaddum.  J.  H.,  Peart.  W  S.,  and  Vogt.  M.  The  estimation  of  adrenaline 
and  allied  substances  in  blood.  7.  Physiol.,  108,  467,  (1949). 

10.  Hagan.  P.,  and  Welch.  A.  D.  Adrenal  medulla  and  the  biosynthesis  of 
pressor  amines.  Rec.  Prog.  Hormone  Res.,  Ed.  G.  Pincus  XU.  27.  1956. 

11.  Holtz,  P..  Cnnlner,  K.  and  Kroneberg.  G.  Ueber  das  sympathicomi- 
metische  prcssorische  Prinzip  des  Hams  ('*Uros3rmpathin'’).  Arch  /. 
exper.  Path.  u.  Pharmakoi,  204,  228,  (1947). 

12.  Lands.  A.  M.  The  pharmacological  activity  of  epinephrine  and  related 
dihydroxyphenylalkylamines.  Pharmacol.  Rev.,  1,  279,  (1949). 


49 


13.  Lamson.  E.  T..  Elmadjian.  P..  Hope.  J.  M.,  Pincus.  G..  and  Jorjorian. 
D.  Aldoateronc  excretion  in  normal.  Bchizophn  nic  and  psychoneurotic 
subjects.  (Ahstract)  J.  Clin.  Endocnn.  &  Metah.,  16,  954.  (1956). 

14.  Long.  C.  N.  H.  Regulation  of  ACTH  secretion.  Rec.  Prog.  Hormone 
Res.  Ed.  G.  Pincus.  VII.  75.  1952. 

15.  Malamud.  W..  and  Sands.  S.  L.  A  revision  of  the  psychiatric  rating 
scale.  Am.  J.  Psychiat.,  / 04.  231.  (1947). 

16.  Pincus.  G..  and  Hoagland.  H.  Steroid  excretion  in  the  stress  of  flying. 
J.  Aviation  Med.,  14,  173.  (1943). 

17.  Ramey.  E.  R..  and  Goldstein.  M.  S.  The  adrenal  cortex  and  sympathetic 
nervous  system.  Physiol.  Rev.,  37,  155.  (1957). 

18.  Resnick.  O..  and  Elmadjian.  F.  The  metabolism  of  epinephrine  con¬ 
taining  isotopic  carixjn  in  man.  J.  Clin.  Kndocrin.  &  Mctab.  (In  press) 

19.  Selye.  H.  Stress.  Acta  Inc .  Montreal.  1950. 

20.  Silber.  R.  H..  and  Porter.  C.  C.  The  determination  of  17.  21  dihydroxy- 
20- ketosteroids  in  urine  and  plasma.  J.  Biol.  Chern.,  210,  923.  (1954). 

21.  V'enning.  E.  H..  ami  Dyrenfurth,  I.  The  effect  of  stress  on  the  excretion 
aldostert)ne  (Alwtract).  J.  Clin  .Kndocrin.  &  Mctab.,  16  ,  961.  (1956). 

22.  Von  Euler.  U.  S..  Hamborg,  U..  and  Hellner.  S.  (3.4  dihydroxyphenyl) 
ethylamine  ( hydroxy tyamine)  in  normal  urine.  Btovhem.  J.,  49,  655. 
(1951). 

23.  \^)n  Euler.  U.  S..  and  Hellner.  S.  The  excretion  of  adrenalin,  nora- 
drenalin  and  hydroxy tyramine  in  urine.  Acta  physiol,  scandinav.,  22, 
161.  (1951). 


50 


I 


SECRETION  OF  ADRENALIN  NORADRENAUN 

LT.  COLONEL  IRVING  GRAY 

Environmental  Protection  Reeearch  Division 
Quartermaster  Research  and  Engineering  Center,  Natick,  Mass. 

We  have  approached  the  problem  of  measuring  stress  from  the  viewpoint 
of  the  adrenalin-noradrenalin  in  the  blood,  using  the  method  of  Wildnow, 
Herby.  and  Bone,  developed  in  England  about  three  years  ago.  slightly 
modified.  This  is  a  fluorometric  method  applied  after  the  separation  of 
the  catacolamines  on  the  chromatographic  column. 

Our  work  at  Walter  Reed  Hospital  consisted  of  studying  the  response 
of  rats  that  had  been  subjected  to  tumbling  trauma.  We  found  that  under 
this  type  of  stress  there  was  a  very  marked  change  in  both  catacolaminei. 
both  rising  very  markedly,  and.  |M?cularly  enough,  sustained  for  long  periods 
of  time.  Neither  of  the  values  returned  to  normal  before  six  hours. 

Controlled  studies  on  human  subjects  at  Walter  Reed  showed  that  there 
is  no  measurable  level  of  adrenalin  in  the  plasma.  The  mean  concentration 
of  noradrenalin  in  the  plasma  runs  in  the  neighborhood  of  2  to  3  meg  per 
liter.  No  work  was  done  on  stress  in  humans  at  that  time,  although  work  is 
now  under  way  studying  patients  being  subjected  to  electro-shock,  and  I 
might  mention  at  this  time  that  there  appears  to  be  a  very  marked  relation¬ 
ship  between  the  noradrenalin  concentration  that  one  sees  after  the  electro¬ 
shock  and  the  type  of  sedation  given. 

Phenobarbital,  which  does  not  completely  destroy  the  muscular  activity 
following  electro-shock,  completely  blocks  the  secretion  of  noradrenalin 
following  the  shock.  This  is  something  that  is  currently  being  investigated. 

At  Natick  we  are  in  the  process  of  studying  the  changes  in  the 
concentration  of  the  catacolamines  under  the  various  environmental  and 
work  conditions.  The  preliminary  data  indicate  a  very  marked  increase 
of  noradrenalin  during  short,  exhaustive  work  with  the  adrenalin  secretion 
increasing  only  in  those  men  whom  we  evaluated  as  being  quite  upset 
about  the  whole  test. 
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PSYCHOMOTOR  FUNCTIONS 

JOSEF  bro:![ek* 

Laboratory  of  Phyiiological  Hygiene 
University  of  Minnesota,  Minneapolis 

When  we  start  talkinK  about  psychomotor  (>erfoiTnance.  we  start  with 
(1.  8)  not  one  but  with  two  kinds  of  quite  severe  handicaps  (1).  First,  we 
start  with  a  multiplicity  of  real-life  operations.  Secondly,  we  encounter  in 
the  laboratory  a  very  high  specificity  of  motor  functions.  For  example,  in 
the  intelli*ctive  area,  the  concept  of  intelligence  quotient  as  a  measure  indi¬ 
cating  a  general  level  on  which  an  individual  can  function  intellectually  is 
useful.  On  the  psychomotor  level  there  simply  is  not  anything  approximating 
a  "psychomotor  quotient.”  In  other  words,  you  can  have  an  excellent  per¬ 
formance  in  driving  a  tt  uck.  with  a  very  good  accident  record  and  very  good 
efficiency  in  terms  of  miles  driven  jK*r  gallon  of  gas.  but  at  the  same  time 
you  can  l>e  a  very  miserable  violin  player.  This  demonstrates  the  specificity 
of  motor  performances.  So.  where  do  we  stand?  From  the  outset  we  are 
forced  to  choose  between  the  on#»  or  the  other  approach. 

We  may  decide  to  use  the  so  called  miniature  work  situations  (3). 
Thc^e  are  simplifird  replicas  of  actual  job  situations.  In  the  past,  a  variety 
of  actual  life  i)erformanc€‘R  have  been  modified  for  laboratory  use,  but  quite 
clearly  the  .simulation  of  oiH>rating  an  air|}lane  has  been  usckI  most  heavily. 
In  exi>erimental  8tudi<>s  on  stress  we  can  use  only  one  or,  at  the  most,  a 
very  .small  numb«*r  of  these  miniature  werk  situations  as  measures  of 
j>erformance  capacity.  Here  we  try  to  duplicate,  in  a  simplified  manner, 
some  .s[>4»cific  performance  or  class  of  work  oi>eration8. 

On  the  other  hand,  we  can  use  the  more  abstract  tests  of  biological 
comfX)nents  of  performance  capacity  (2.  4).  It  is  a*  this  point  that  I  would 
have  welcome<i  particularly  the  prestmee  of  Dr.  E.  A.  Fleishman  who  has 
IxM'n  much  concerne<l  with  these  problems.  The  question  of  selection  of  the 
tests  is  very  crucial.  It  will  dei)end  on  several  factors,  two  most  importantly, 
perhaps  three. 

First,  interrelation  between  different  facets  of  motor  performance.  To 
work  most  economically,  we  want  to  use  a  battery  in  which  each  test  contri¬ 
butes  something  new  —  adds  a  maximum  of  information.  In  other  words, 
we  want  tests  which  show,  technically  speaking,  low  intercorrelations.  At 
the  same  time  we  want  to  measure  some  aspects  of  performance  capacity 
that  have  a  broader  applicability,  that  have  validity  in  terms  of  real-life 
situations. 

SecNjndly,  and  in  stresses  perhaps  even  more  importantly,  we  are  con¬ 
cerned  with  the  sensitivity  of  tests  to  different  situations.  I  shall  say  some¬ 
thing  more  about  this  later,  so  now  I  will  just  bring  up  the  idea. 

Perhaps  in  parentheses  I  might  say  that  there  is  another  aspect  which 
is  crucial  in  the  practical  application,  and  that  is  the  length  of  time  necessary 
to  arrive  at  a  stable  training  practice  plateau  (4). 

So  we  have  intercorrelations  between  tbe  tests,  their  sensitivity  to 
the  stresses,  and  the  length  of  time  necessary  for  practice  during  the  control 

*Pre»cnl  addrcti;  Department  of  Psyrholosy*  Lehigh  Univer«ity,  Bethlehem,  Penna. 
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|H»riod.  But  how  many  teaUi  ahould  be  u»ed?  We  have  two  type*  of  situations. 
In  fundamental  studit^.  such  ns  .ntudies  on  the  effcKrts  of  prolonged  caloric 
deficiency  (5),  or  in  any  situation  in  which  we  are  interested  in  the  over-all 
biological  impact  of  the  stress  situation  on  man.  we  should  include  as  much 
as  possihle  the  whole  sfiectrum  of  the  components  of  performance  capacity. 

On  the  other  hand,  in  applied  studies  —  for  example,  when  we  are 
comparing  the  relative  effects  of  maintaining  individuals  on  two  levels  of  a 
nutrient  —  only  those  functions  that  have  b<^n  proved  or  that  can  be  ex- 
jiected  to  be  sensitive  to  this  strf'ss  should  be  included.  Here  we  are  con¬ 
cerned  with  the  differential  effect. 
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SCIENTinC  MOTION  ANALYSIS 
APPLIED  TO  ASSESSMENT  OF  HUMAN  PERFORMANCE 

by 

KARL  U.  SMITH 

Department  of  Piychology 
The  Vnivergity  of  Wisconsin,  Madison 

There  are  many  ways  otf  aaseasin;  human  performance  capacity  and 
many  points  of  vie\v  regardin/j(  this  problem.  Some  phyaiologiata  and  psychol¬ 
ogists  search  for  and  ideal  single  index  of  performance  in  the  hope  that  all 
work  capacity  can  be  reduced  to  some  universal  measure  of  energy  exchange. 
Others,  especially  psychologists,  have  attempted  to  devise  testa  of  perform- 
artce  which  place  emphasis  upon  prediction  of  learning  ability  and  skill. 
Industrial  engineers  have  attempted  to  set  standards  of  work  capacity  in 
terms  of  either  negotiate<J  agreements  or  unilateral  decisions  based  upon 
time-study  techniques. 

We  have  approached  this  problem  of  assessing  performance  capacity 
in  terms  of  a  functional  point  of  view.  We  believe  that  no  single  measure 
of  performance  can  have  universal  application  to  the  varied  activities  of  the 
human  system.  On  the  other  hand,  performance  has  some  consistency,  and 
there  arc  principles  enabling  us  to  understand  this  consistency  in  behavior. 
Such  varied  aspects  of  human  performance  as  rate  of  movement  in  walking, 
manual  accuracy  and  skill,  muscular  strength,  speech  and  verbal  behavior 
must  be  understood  and  measured  in  terms  of  the  intrinsic  properties  which 
define  their  functional  significance  in  particular  tasks.  Furthermore,  various 
levels  of  vital  interaction  must  be  recognized  in  order  to  gain  any  real 
knowledge  of  motor  capacity.  Thus  the  levels  of  human  |>erformance  must 
be  studied,  not  in  terms  of  some  one  measure  of  activity  alone,  but  in  terms 
of  the  interplay  between  internal  environment,  physiological  states,  and  ex¬ 
ternal  behavior  in  relation  to  the  demands  of  the  physical  and  social  en¬ 
vironment.  The  ambiguous  distinctions  commonly  made  between  mental  and 
physical  work  have  no  meaning  in  a  scientific  approach  to  problems  of 
measurement  of  performance. 

A  second  point  may  be  made  about  methodology  in  this  field.  Psycho¬ 
logically.  we  can  think  of  human  performance  primarily  in  terms  of  the 
propertic^s,  components,  and  dimensions  of  human  motion.  The  evolution  of 
the  higher  organisms,  especially  that  of  the  human  individual,  has  been 
marked  by  a  very  great  differentiation  in  adaptive  capacity,  psychologically 
and  physiologically.  Internally,  the  human  machine  is  organized  in  great 
depth  to  withstand  extreme  stress  and  to  adjust  to  different  circumstances. 
Externally,  differentiated  performances  show  marked  specificity.  The  com¬ 
mon  features  in  these  varied  performances  are  functionally  differentiated 
movements  within  larger  patterns  of  organized  motions.  All  motions  involve 
functional  components  of  posture,  of  transport  of  the  body  in  space,  and  of 
manipulative  contact  movements  which  are  articulated  with  reference  to  the 
space  dimensions  of  objects  and  surfaces.  Scientific  motion  analysis  of  these 
distinctive  components  of  motion  is  fundamental  to  all  aspects  of  perform¬ 
ance  study. 

We  think  of  all  human  motions  as  organized  in  terms  of  (e)  functionally 
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defined  component  movements,  (h)  peycholofical  and  physiolofdcal  dimen- 
siona,  and  (c)  quantitative  movement  properties  of  force,  rate,  frequency, 
duration,  reaction  time,  accuracy,  and  relative  efficiency  (16).  Tlie  psycho¬ 
logical  dimensions  which  must  be  considered  in  assessing  le\'el  of  perform¬ 
ance  in  any  task  are  development.  learning,  motivation,  and  various  per¬ 
ceptual  dimensions.  As  we  stated  above,  all  motions  consist  of  at  least  three 
functionally  distinct  types  of  component  movements  —  postural  or  supportive 
movements,  travel  or  transportive  movements,  and  manipulative  or  contact 
movements.  Travel  movements  serve  the  generalized  function  of  transporting 
the  body  or  parts  of  the  body  in  space,  and  of  supplying  the  force  essential 
for  such  transport,  whereas  manipulative  movements  have  the  generalized 
function  of  articulating  the  motion  in  order  to  fit  it  precisely  to  the  space 
and  time  characteristics  of  stimuli,  objects,  and  surfaces  in  the  environment 
Our  electronic  methods  of  motion  analysis  (20)  are  designed  si^ecifically  to 
measure  the  characteristics  of  manipulative  and  travel  components  of  a 
great  variety  of  human  motions,  including  tool  and  machine  operations. 

Electronic  Methods  of  Motion  Study 

We  have  applied  electronic  methods  of  motion  study  to  the  analysis 
of  such  varied  forms  of  human  performance  as  gait,  stairclimbing,  hand¬ 
writing,  assembly  skill,  panel-control  operations,  and  different  patterns  of 
unimanual  and  bimanual  dexterity.  The  principles  of  this  method  of  motion 
analysis  are  diagrammed  in  Figure  1  (20).  A  subthreshold  electric  current 
is  passed  through  the  operator’s  body,  so  that  each  time  he  touches  some 
surface,  object,  or  control,  he  automatically  closes  a  relay  that  activates  a 
precision  clock  (19).  In  addition,  the  circuit  also  contains  a  flip-flop  circuit 
so  that  when  the  subject  moves  toward  a  second  object  or  control,  breaking 
the  first  contact,  the  ccntact  time  clock  is  stopped  and  a  travel  clock  is 
started.  This  travel  movement  clock  stops  when  the  second  contact  is  made. 
Finally,  we  add  a  stop  circuit  to  the  system,  which  is  activated  by  a  contact 
at  the  end  of  a  motion  pattern.  When  this  contact  is  made  the  whole  timing 
system  is  stopped,  and  a  precise  summation  obtained  of  the  duration  of  the 
travel  and  manipulative  movements  involved  in  the  motion. 

Figure  2  illustrates  the  application  of  these  electronic  methods  to  the 
measurement  of  panel -control  motions  (10.  22.  23).  This  set-up  involves  a 
two-channel  analyzer,  one  channel  of  which  records  the  time  of  the  manipu¬ 
lative  movements  and  the  other  travel  movements.  This  motion  analyzer 
has  turned  out  to  be  especially  valuable  in  measuring  the  effects  upon 
motions  of  sustained  stress,  such  as  starvation,  thirst,  and  sleep  loss. 

Figure  3  diagrams  the  application  of  a  two-channel  electronic  motion 
analyzer  to  the  measurement  of  handwriting  performance  (17).  In  this 
technique  the  subject  uses  a  metallic  pencil  (filled  with  electrographic  lead) 
and  writes  on  Teledeltos  electric  recording  paper.  The  duration  of  the 
contact  movements  is  measured  separately  from  that  of  the  travel  move¬ 
ments.  When  the  subject  comes  to  the  edge  of  the  paper,  he  touches  the 
stop  plate  and  automatically  terminates  the  timing  process.  We  are  espec¬ 
ially  interested  in  using  the  elctronic  Handwriting  Analyzer  for  assessing 
age  changes  in  the  component  movements  of  motion,  because  the  hand¬ 
writing  task  is  learned  early  in  life  and  practiced  by  most  people  throughout 
the  course  of  life.  Accordingly,  these  motions  provide  a  means  of  assessing 
age  changes  in  a  performance  practiced  regularly  by  all  subjects. 

We  also  employ  the  two-channel  electronic  motion  analyzer  to  analyze 
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Fig.  1.  Diagram  of  the  circuit  relations  involved  in  the  electronic 
method  of  motion  analysis. 
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Fig.  2.  Diagram  oif  a  two-channel  electronic  motion  analyzer  applied 
to  the  measurement  of  the  manipulative  and  travel  movements  of  a  panel- 
control  operation. 
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Fig.  3.  Diagram  of  the  principle  of  the  electronic  handwriting  motion 
analyzer. 
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human  gait.  Figure  4  pictures  the  arrangement  of  the  apparatus.  The  subject 
walks  on  two  heavy  brass  runways,  which  are  separately  connected  to  a  pre¬ 
cision  gait  analyzer.  Other  plates  at  the  ends  of  each  runway  serve  as  stop 
contacts  when  the  subject  reaches  the  end  of  the  runway.  The  contact  and 
stepping  motions  of  the  two  feet  are  recorded  separately.  When  one  foot 
touches  the  brass  plate  in  the  step,  this  contact  time  is  automatically  re¬ 
corded.  and  as  the  foot  is  lifted  in  the  step,  the  travel  or  step  time  is  re¬ 
corded.  Connections  are  made  so  that  the  simultaneous  contact  or  bipedal 
contact  time  can  he  timed  separately  from  the  bipedal  step  time. 

These  electronic  methods  of  motion  analysis  can  also  be  employed  to 
measure  complex  performances  involving  assembly  and  machine  skills  (12. 
13).  Figure  5  illustrates  the  application  to  assembly  skill.  Figure  5a  shows 
the  set-up  of  a  work  bin  and  an  assembly  plate  (shown  to  the  far  right) 
along  with  a  4-channel  motion  analyzer.  The  television  camera  and  monitor 
.Tre  being  employed  to  study  effects  of  i)erceptiial  stress  and  of  displacement 
and  distortion  of  the  visual  field  upon  work  )>erformance.  The  movements 
recorded  in  this  case  are  the  four  basic  parts  of  the  assembly  cycle- grasp, 
carry,  place,  and  return.  In  this  cycle  (Fig.  5b).  pins  are  removed  from  the 
small  bin  and  placed  in  the  assembly  plate.  The  four  clocks  to  the  left 
automatically  record  and  sum  the  durations  of  the  separate  movements.  The 
television  camera  is  mounted  directly  above  the  work  place  and  may  be 
moved  about  for  assessment  of  effects  of  displacement  of  the  visual  field. 

Chanw'teri.stics  of  Motion  in  Performance 

The  methods  of  motion  study  just  described  represent  a  new  operational 
approach  to  the  theor>'  of  motions  and  the  dimensions  of  performance  (16). 
They  constitute  a  systematic  way  of  measuring  organized  motions  in  relation 
to  their  space  and  time  structure,  and  provide  a  firmer  foundation  for 
experimentally  oriented  motion  analysb. 

Motion  study  methods  have  not  been  applied  heretofore  to  performance 
assessment  because  the  applied  methods  available  for  such  purpose  —  the 
stop  watch  and  the  fast  motion  picture  —  are  neither  accurate  nor  economi¬ 
cal  enough  for  such  application.  In  contrast,  the  electronic  methods  just 
described  have  the  necessary  precision  and  economy  required  for  such  an 
application.  For  example,  millions  of  feet  of  motion  picture  film  would  be 
needed  to  time  the  motions  which  we  measure  routinely  in  a  study  cover¬ 
ing  some  50  subjects,  each  of  whom  performs  a  task  requiring  20  minutes  of 
practice  per  day  for  10  days. 

Motion  analysis  methods  are  essential  for  a  quantitative  assessment 
of  the  interactions  and  coordinations  of  the  distinctive  component  move¬ 
ments  in  performance,  as  well  as  for  adequate  measurement  of  the  effects  of 
variations  in  motivation,  stress,  learning,  perception,  and  the  like.  Let  us 
examine  first  the  problems  of  measuring  movement  interaction  and  coordi¬ 
nation  in  performance. 

Assessment  of  Movement  Organization 

We  consider  this  problem  a  primary  one  in  the  psychomotor  field. 
Theoretically,  the  measurement  of  movement  interaction  and  coordination 
enables  us  to  evaluate  general  behavior  theories  as  they  are  applied  to 
performance.  Practically,  these  measures  give  us  indices  of  certain  properties 
of  performance  which  may  shift  and  cliange  with  conditions  in  motivation 


60 


Fig.  4.  The  arrangement  of  the  recording  runway  and  recording  com 
ponenta  of  an  electronic  gait  analyzer. 
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Fig.  5a.  Arrangement  of  recording  and  control  apparatus  for  analysis 
of  assembly  performance  in  substitute  televised  visual  fields.  The  locus  of  the 
television  camera  above  the  assembly  place  and  the  timing  units  of  the 
four-channel  analyzer  are  shown  in  Fig.  5-A.  llie  photograph  in  Fig.  6-B 
shows  the  detail  of  the  assembly  place  in  relation  to  the  television  monitor. 
In  actual  experiments  the  operator  can  observe  the  actions  of  his  hands  only 
by  means  of  the  television  monitor. 
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Fig.  5b.  Arrangement  of  recording  and  control  apparatus  for  analysis 
of 'assembly  performance  in  substitute  televised  visual  fields.  The  locus  of  the 
television  camera  above  the  assembly  place  and  the  timing  units  of  the 
four-channel  analyzer  are  shown  in  Fig.  5-A.  The  photograph  in  Fig.  6-B 
shows  the  detail  of  the  assembly  place  in  relation  to  the  television  monitor. 
In  actual  experiments  the  operator  can  observe  the  actions  of  his  hands  only 
by  means  of  the  television  monitor. 
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and  fatigue  independently  of  the  absolute  duration  or  precision  of  perform¬ 
ance. 

The  apparatus  diagrammed  in  Figure  6  illustrates  how  the  interactions 
of  movements  in  organized  motions  are  measured  directly  (5).  The  manipu¬ 
lation  boards  on  the  work  panel  can  be  replaced  quickly  by  boards  contain¬ 
ing  other  types  of  manipulative  devices.  Eight  such  devices  were  used. 
The  variation  in  duration  of  a  travel  movement  of  constant  length  (60  cm) 
was  measured  in  order  to  get  a  direct  measure  of  the  interaction  between 
the  variou.s  tyjies  of  manipulation  movements  and  the  travel  movements.  The 
results  show  that  marked  interaction  effects  occur  between  the  component 
travel  and  manipulative  movements  in  motion.  Thus,  the  duration  of  the 
travel  movement  in  this  task  increased  as  much  as  52  percent  with  different 
types  of  manipulation.  The  travel  movement  of  a  dial  setting  manipulation 
was  found  to  bo  52  |)ercent  longer  in  duration  tlian  the  same  movement 
associated  with  the  turning  of  the  switches  shown  in  Figure  6. 
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1.75 

+  .13 

7 

.581 

.119 

.230 

‘  .056 

2.52 

—.21 

8 

.423 

.091 

.208 

.045 

2.03 

—.09 

9 

.641 

.149 

.263 

.053 

2.43 

—.97 

10 

.698 

.107 

.212 

.038 

3.29 

+  .11 

•  Significant  at  the  5%  level 
••  Significant  at  the  1%  level 

Measuring  the  movement  components  in  motion  enables  us  to  give 
quantitative  expression  to  aspects  of  rhythm,  tempo,  and  coordination  in 
performance  (17).  Table  I  illustrates  two  such  measures  of  movement 
organization  in  handwriting.  The  ten  subjects  wrote  35  single  letters  and 
numbers.  Different  characters  were  written  in  different  trials.  The  contact 
time  and  travel  time  in  writing  these  single  letters  or  numbers  repeatedly 
were  measured  separately.  The  means  and  standard  deviations  for  these 
two  movement  durations  for  each  subject  are  given  in  the  table. 
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Fig.  6.  Diagram  of  a  work  panel  for  direct  measurement  of  the  inter¬ 
action  effects  between  travel  and  manipulative  movements  upon  the  duration 
of  the  travel  movement. 


In  order  to  compute  a  measure  of  tempo  in  writing  for  each  subject, 
the  manipulation  time  of  each  character  was  divided  by  its  corresponding 
travel  time  to  get  the  manipulation  travel  ratio.  It  is  a  relative  measure 
that  may  remain  constant  while  the  absolute  values  of  the  manipulation 
and  contact  time  vary. 

The  standard  deviation  of  the  manipulation  and  travel  time  of  specific 
pairs  of  movements  gives  us  a  measure  of  rhythm  or  the  magnitude  of  varia¬ 
tion  in  tempo.  We  liave  computed  such  measures  but  have  not  studied  them 
extensively  since  we  do  not  have  as  yet  an  economical  way  of  recording  and 
processing  data  on  the  duration  of  individual  movements. 

In  order  to  get  a  measure  of  coordination  in  movement,  we  correlate 
the  time  of  manipulation  for  different  tasks  (such  as  writing  the  35  different 
letters  and  numbers)  with  the  corresponding  paired  travel  times  in  these 
tasks.  The  manipulation  vs.  travel  correlations  shown  in  Table  1  are  ex¬ 
amples  of  this  special  measure  of  coordination.  It  will  be  noted  that  these 
correlation  values  vary  greatly  with  different  subjects.  Some  are  signifi¬ 
cantly  {)ositive.  some  do  not  exceed  a  chance  level,  while  others  are  signifi¬ 
cantly  negative. 

Our  studies  thus  far  indicate  that  quantitative  measures  of  interaction 
and  coordination  of  movements  are  fundamental  to  the  understanding  of 
complex  motion  cycles.  The  problems  of  compensation  of  movements  as 
brought  about  through  fatigue  and  changes  in  motivation  may  be  experi¬ 
mentally  evaluated  through  measurement  of  movement  interaction  and 
coordination.  We  believe  that  many  problems  of  human  engineering  involve 
the  adjustment  of  controls  and  materials  in  work  tasks  in  order  to  facilitate 
natural  or  individualized  coordinations,  tempos  or  rhythms  in  movement 

P.sychological  Dimensions  of  Performance 

As  noted  above,  motion  analysb  of  work  discloses  that  performance 
variables  such  as  learning,  perception,  motivation,  stress,  and  fatigue  affect 
differently  the  component  manipulative  and  travel  movements  and  their 
interactions.  These  differential  effects  were  observed  first  in  relation  to 
learning  (22).  Figure  7  shows  these  differential  effects  for  the  manipulative 
and  travel  movements  in  a  panel  control  task  (15).  It  will  be  seen  that 
practice  in  this  task  (ten  trials  each  day  for  six  days)  produced  a  marked 
change  in  the  mean  duration  and  variability  of  the  manipulative  movements 
but  little  or  no  change  in  the  duration  of  the  travel  movement 

learning  and  Performance 

The  differential  learning  effects  in  performance  are  not  a  superficial 
occurrence.  They  are  seen  in  complex  motion  cycles  as  well  as  in  simpler 
movements.  They  are  specifically  related  to  the  perceptual  complexity 
and  reactive  complexity  of  the  task  as  well  as  to  motivation  and  perceptual 
stress  (10,  11,  23).  For  example,  in  a  dial-setting  task,  involving  a  pattern 
of  motion  exactly  like  the  switch-turning  operation  mentioned  above  but 
requiring  increased  precision  in  the  manipulative  movement,  the  effects  of 
practice  on  the  travel  and  manipulative  movements  are  more  or  less  similar. 

In  general,  we  can  summarize  the  differential  effects  of  learning  on 
manipulative  and  travel  movements  as  follows.  Manipulative  movements  are 
organized  primarily  with  reference  to  the  space  characteristics  of  objects  and 
surfaces  in  the  environment.  In  any  new  task,  these  movements  will  show 
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Fij?.  7.  The  learning  differential  in  the  different  component  movements 
of  the  motions  of  a  panel  control  task. 
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DAYS  DAYS 

MEAN  SCORES  VARIABILfTY  OF  SCORES 


a  markrd  lenmitiK  offoct.  inanmuch  aa  practice  hrinKH  al)Out  Kreater  articula* 
tit)n  of  the  manipulative  movemenU  with  reference  to  the  8i>ecific  space 
characteristics  of  the  situation.  Increasing  the  p<‘rceptuail  and  reactive  com* 
I)lexity  of  the  task  or  any  change  in  (^tahlishe<l  modes  of  posture  and  travel 
motion  will  also  84*rve  to  increase*  the  magnitude  of  change  in  manipulation 
movements  as  a  function  of  practice. 

The  travel  movements  in  |M»rformance  are  structured  with  reference 
to  U)th  the  i)ostural  tuisis  of  motion  and  environmental  space  factors.  We 
expect  limite<l  change  in  these  movements  with  learning,  if  the  task  organi¬ 
zation  riH|uires  normal  m(Kh*s  of  {M).Htiire  and  Hco|>e  of  movement.  We  exi>cct 
marktHl  changes  in  these  m»'v«*nH‘nts  with  learning  if  the  orientation  of  the 
Ixxly  with  r<‘sp«‘ct  to  its  spatial  envimnment  is  unu.sual,  or  if  the  perceptual 
anti  reactive*  ct>niplexity  of  the  task  involves  setting  up  new  or  unusual 
rhythms  in  motitm. 

.Motivation  and  Performance 

There  are  many  prohh'ms  relating  tt>  the  motivational  basis  of  perform¬ 
ance.  'I'luis  far  we  have  lx*en  txincerneti  exp«*rimentally  with  three  asi)ects 
of  this  general  field.  In  two  preliminary  stutlies.  we  have  examined  the 
effects  of  .self-pacing  uf>on  the  trave  'nd  manipulative  movements  in  gait 
and  in  ;>anel  ctintrol  operations.  In  general,  the  results  of  these  studies  in- 
tlicate  that,  within  reasonahU*  limits,  the  basic  organization  of  travel  and 
tnanipulative  rnovenuuit.s  is  not  changjxl  in  ndation  to  the  speed  of  pacing, 
although  the  ah.s<>lut<*  durations  nf  the  tw«)  com|M>nents  are  mark#*dly  chang* 
e<l. 

We  have  made  some  attempts  to  assess  the  effects  of  differential  knowl- 
ixlge  of  results  about  si)ecific  comix>nent  movements  on  performance.  These 
experiments  have  turned  out  to  be  unusually  complex.  Thus  far  the  findings 
.seem  to  be  that  jiroviding  knowledge  of  results  for  one  component  movement 
in  an  assembly  task  has  much  the  same  effect  as  providing  such  knowledge 
about  the  whole  task. 

We  believe  that  motion  analysis  methods  may  be  used  to  assess  what 
we  call  psychological  reserve  in  p«»rformance.  We  define  this  reserve  as 
the  di.scre|)ancy  in  duration  of  motion  components  between  self* regulated 
normal  and  maximum  pace  for  task  periods  of  short  duration.  This  motiva¬ 
tional  reserve  is  being  studie<l  presently  in  relation  to  age. 

Stress  and  Performance 

All  of  the  problems  of  motivation  and  performance  are,  of  course,  tied 
up  with  the  problems  of  stress  and  emotion.  Wc  have  been  interested  in  these 
problems  with  8i)ecial  reference  to  certain  theoretical  ideas  about  the  neuro¬ 
motor  organization  of  the  component  movements  of  motion.  A  guiding 
hyi)othesis  has  been  that  space-articulated  manipulative  movements  are 
regulated  primarily  at  the  cortical  level,  and  are  to  some  extent  independent 
of  postural  mechanisms  of  control.  Travel  movements,  in  contrast,  which  are 
structured  by  posture  as  well  as  by  space,  are  regulated  at  both  the  cortical 
and  subcortical  level.  These  travel  movements  reflect  more  directly  than  the 
manipulative  movements  variations  in  the  subcortical  activation  systems  of 
the  brain.  In  other  words  we  expect  travel  movements  to  show  the  effects 
of  physiological  stress  more  quickly  and  more  clearly  than  the  finer  mani¬ 
pulative  movements. 

Studies  conducted  in  cooperation  with  the  University  of  Minnesota 
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Laboratory  of  Physiological  Hygiene  (2.  4)  support  these  hypotheses.  Travel 
movements  in  performance  are  seriously  retarded  by  semi-starvation  (1000 
calories  per  day  for  24  days)  and  thirst  stress  (30  percent  of  water  intake 
for  a  period  of  5  days)  in  contrast  to  the  manipulative  movements,  which  are 
affected  very  little. 

Our  findings  also  show  that  only  the  travel  components  of  manual 
skill  display  systematic  diurnal  changes  in  performance  level.  Harris  (1), 
working  in  our  laboratory,  has  found  that  sleep  less  affects  mainly  the  travel 
movements  in  motion.  In  addition,  he  observed  that  diurnal  changes  in 
performance  during  two  days  of  sleep  loss  appeared  only  in  the  travel 
movements. 

The  statements  just  made  apply  to  physiological  stress  and  its  accom¬ 
panying  systemic  fatigue.  I^ocal  or  reactive  fatigue  affects  the  components 
movements  of  performance  in  a  somewhat  different  way.  With  high  rates 
of  work,  the  manipulative  movements  in  the  task  may  be  the  first  to  be 
affected,  followed  somewhat  later  by  deterioration  in  the  larger  travel 
movements. 

The  effects  of  emotional  stress  and  anxiety  on  motion  and  of  certain 
drugs  on  performance  present  problems  of  analysis  like  those  involved  in 
physiological  stress  and  fatigue  (18).  In  this  area  also,  we  believe  that  a 
broad  operational  theory  of  motion,  from  which  specific  hypotheses  can  be 
generat€?d  and  tested,  is  of  value.  Presently,  we  are  attempting  to  apply 
our  electronic  techniques  to  the  assessment  of  the  effects  of  some  of  the 
tranquilizing  drugs  on  gait,  handwriting,  and  other  performance  tasks. 

Performance*  and  Perception 

It  is  necessary  to  put  considerable  theoretical  emphasis  on  the  percep¬ 
tual  dimensions  of  performance.  All  motions,  simple  and  complex,  are  not 
only  8pace-.structured  but  affected  by  general  environmental  variables  of 
temperature,  humidity,  ventilation,  atmospheric  pressure,  light,  and  sound, 
but  they  vary  as  a  function  of  the  perceptual  dimensions  of  relative  direc¬ 
tion.  distance,  complexity  of  visual  pattern,  and  precision  of  input  informa¬ 
tion  necessary  for  their  control  (3.  6).  We  have  approached  this  general 
subject  of  perception  and  human  motion  frem  several  directions  (6,  7,  8,  12, 
14). 


The  duration  of  movement  components  in  an  assembly  task  has  been 
measured  as  a  function  of  the  relative  degree  of  complexity  of  perceptual 
information  for  control  of  the  motion  (11).  Increase  in  complexity  generally 
raises  the  duration  of  all  components,  particularly  that  of  the  loaded  travel 
and  assembly  movements.  The  effects  of  changing  perceptual  complexity 
in  a  task  have  also  been  compared  with  the  effects  of  varying  the  reactive 
complexity  (or  number  of  distinctive  movements)  involved  in  the  task.  The 
effects  of  the  two  types  of  variation  on  performance  are  much  the  same. 

Another  problem  which  has  interested  us  very  much  is  the  nature  of 
interaction  between  perceptual  discrimination  and  different  component 
movements  in  an  assembly  cycle  (13).  The  assembly  set-up  diagrammed  in 
Figure  8  shows  the  arrangements  used  for  these  studies.  As  a  part  of  this 
work  task,  a  discrimination  of  the  color  of  pins  (to  be  placed  in  separate 
parts  of  an  assembly  plate)  can  be  required  in  conjunction  with  the  grasp 
movement,  the  loaded  travel  movement,  the  assembly  movement,  or  the 
return  movement  of  the  cycle.  The  results  show  that  the  perceptually  loaded 
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c’ompoiwnt  is  alvsays  inrr»*asf(i  in  ()urati»)n  »)vor  what  it  would  lx*  under 
innditions  »)f  a  lessrr  perix'ptual  load  Hut  other  components  in  the  cycle 
also  may  lx*  affecttxl  hy  the  hnnis  of  the  (iist^rimiiiutiun,  especially  if  diK- 
crimination  is  re<piirtsl  in  the  Ioadi*<l  travel  or  assembly  phas€*s  of  the  cycle, 
'riuis.  we  .say  that  peree|)ti»)n  is  an  active  behavioral  process  thai  interacts 
with  the  |)rimary  ctunponents  »»f  motion,  and  that  the  relative  timing  of 
perception  and  component  movements  will  determine  the  rhythm  as  well  as 
as  the  precision  an<l  duration  of  the  whole  motion  cycle.  It  may  he  noted 
that  some  of  the  most  fundamental  problems  of  human  enKineerin;?  and 
de.sijjn  of  comple.x  maehines  involvt*  these  problems  of  interaction  of  percep¬ 
tual  response  and  specific  movements  in  a  pattern  of  |H*rh>rmance. 

.•\  third  basil-  i)r(»hle;n  of  perc«*ption  and  motion  is  relateiJ  to  the  inter¬ 
action  of  sensory  input  sources  ( |)articulHrly  visual  and  kinesthetic)  that 
control  the  spare  tlinu-nsions  of  travel  and  manipulative  movements  in 
(•om|)lex  pcrformanee  Prior  ol)-.er\'ation  of  effe«-ts  of  invi-rsion  and  reversal 
of  the  visual  field  iiixm  |)erfornianee  provide  a  Kcneral  int reduction  to  this 
|)rol>!rm  We  have  set  up  ex|)lici!  hypotheses  and  (•x|)erimental  designs  for 
analy/ini,’  and  comparini,'  the  effects  of  inversion  of  movements  (kines- 
tlietic  iinersion)  and  irm-rsion  of  the  vi.sual  field  u|)on  the  component 
movements  in  motion  (9)  For  these  stinlies  we  have  ii.stsl  special  techniques 
of  motion  analysis  of  handwriting:,  illust rateel  in  Fii:iire  9.  To  invert  the 
visual  field  without  pnMlucinj:  otlier  forms  of  distortiim  we  employ  a  large 
right-ariK'le  prism  whicli  i)ennits  clear  vi.son  of  the  writing  field.  I^esults 
show,  as  pn-dicted.  that  comhim-d  visual  and  kinesthetic  inversion  of  the 
sensory  input  of  motion  pnKluees  far  greater  disturl>ances  in  coordination 
than  either  \  isual  or  kinestiu-tie  iruersion  al'Uic  Ntoreos'er.  subjects  generally 
cannot  adjust  i-oinpictel v  to  tb.c  ctvni!>iue(l  visual  and  kine.'^thetic  inversion. 
.Ntanijjulat i\ e  movements  recover  Ics.s  rapirliv  than  travel  movements  under 
these  alti  red  conditions,  a  result  \sliich  had  Nm-u  predicterl  from  the  general 
hypothesis  that  mani|)ulai ive  movements  are  n.ore  highly  articulated  space- 
wi.se  than  travel  movements 

'Fhese  (|uesti(»ns  of  the  |)er(  eptual  space  factors  in  tlu*  control  of  motion 
constitute  some  f»f  the  most  fundamental  |irolilems  of  remote  control  and 
human  guidance  of  c(»m|)lex  mai  bines  h'very  motion  has  its  primary  visual 
s|)ace  field  of  performance  which  may  or  may  not  lx*  effectively  duplicated 
in  the  design  of  the  aiitoir.ohile.  the  truck,  the  aireaft  or  the  ballistic  control 
system  In  cooperation  with  W*  M  Smith  of  Princeton  University,  whoso 
original  suggestions  initiateil  this  w(»rk,  we  have  ajiplitd  closed  circuit  tele¬ 
vision  to  the  analysis  of  the  relative  s|)ace  organization  and  control  of  human 
performance  (21).  'I'he  illustration  in  Figun*  a  shoNvs  how  such  mcthids  arc 
usj'd  to  stud;,  tile  i  ffects  of  displacing  the  visual  field  of  performance  on 
■  assemblv  motions  The  diagr.im  in  Figure  10  also  illustrates  how  the  relative 
si/e  of  the  |)erformance  field  can  lx*  changed  through  the  use  of  closid 
circuit  telex  ision.  in  order  to  analyze  the  effects  of  size  constancy  on  perform¬ 
ance. 

It  should  lx*  noted  that  wt*  hxik  upon  these  television  techniques  of 
studying  human  performance  as  an  e.ssential  step  toward  a  more  significant 
level  of  analysis  of  the  space  and  time  organization  of  motion.  The  tele¬ 
vision  tape  recorder,  which  is  presently  an  c'xponsive  broadcast  tool,  will 
serve  in  the  near  future  as  an  experimental  device  for  delaying  the  visual 
feedback  on  one’s  own  motions.  This  instrument  will  thus  make  possible 
precise  control  of  the  relative  time  dimensions  of  kinesthetic  and  visual 
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Fip.  8.  The  arranpement  of  task  materials  and  motion  analyzer  units 
for  studying  the  interactions  of  pt^^rceptiial  discriminations  and  s|)eciric 
movements  in  assembly  motions. 
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Fig.  9.  Arrangement  of  task  materials  and  optical  unit  for  analysis  of 
the  relative  effects  of  kinesthetic  inversion  and  inversion  of  the  visual  field 
upon  the  component  movements  in  handwriting. 
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Fig.  10.  Closed  circuit  television  applied  to  the  analysis  of  perceptual 
stress  and  of  the  effects  if  displacement  and  size  distortion  of  the  perform* 
ance  field  of  handwriting. 


factorn  in  motion  (21).  \V«*  arc  on  the  thr»*«hoIii  of  achieving  not  only 
economical  annSyKe»  of  the  comfmnent  movementa  in  many  functional  pat¬ 
terns  of  human  |>erfomiance.  but  of  measuring  the  inter-relationships  of  the 
fundamental  space  and  time  dimensions  in  coordinated  motion. 

Scientific  Problems  of  Performance  Assessment 

This  deHcri[)tion  of  our  efforts  to  measure  human  performance  would 
not  be  ctimplete  without  some  indication  of  its  general  significance  We 
think  of  perfoiTnance  study  as  one  objective  approach  to  many  of  the 
problems  of  human  behavior,  such  as  the  nature  of  work,  the  effects  of 
stress,  the  influence  of  drugs,  the  biochemistry  of  neuromuscular  activity, 
and  the  natvJre  of  behavior  disorders. 

Performance  measurement  is  not  an  end  in  itself.  We  strive  for  insight 
into  the  various  patterns  of  human  adaptation,  internally  and  externally, 
in  both  health  and  di.sease.  Measuring  performance  can  aid  our  under¬ 
standing  of  such  patterns  if  we  ask  the  right  questions.  External  perform¬ 
ance  interacts  with  internal,  physiological  prtx:e.ises.  It  is  both  cause  and 
effect  in  adaptation.  Our  mea.^;urr-nients  of  external  performance  must 
always  be  related  to  known  internal  states  of  the  individual. 

Our  iaeus  of  performance  assessment  may  be  predictcxl  to  evolve  ac¬ 
cording  to  the  principles  of  .systems  analys(\s.  Man  is  a  behaving,  adapting 
organi.sm.  not  a  simple  reaction  machine.  Acirortlingly.  performance 
measurement  must  K*  relat«*<l  to  quantitative  expressions  of  the  different 
|)sychological  and  |)hysiologicai  dimensions  of  adaptation  —  development, 
aging,  learning,  thinking,  perception,  motivation,  and  emotion  —  and  their 
interactions  at  different  levels  of  activity  within  the  body. 

Rapid  developments  in  the  electronics  field  promise  much  for  the 
understanding  of  all  phases  of  performance.  The  modern  digital  computer 
provides  the  means  of  a>mprehensive  analysis  of  data  in  relation  to  both 
empirical  tests  and  theoretical  mwlels.  The  techniques  of  automatcHl  data 
rect)rding  prt)mi8e  even  more  for  j>erformance  study.  The  events  of  be¬ 
havioral  adaptation  are  probably  no  more  complex  than  the  events  of  com¬ 
plex  physical  systems,  but  these  events  of  adaptation  take  place  slowly,  at  a 
snail's  pace,  changing  at  rates  beyond  the  8<x)pe  of  human  insight.  Modern 
tape  recording  methods  make  it  jwssible  to  extend  economically  the  scope 
of  behavioral  and  physiological  r€»cording  and  to  utilize  effectively  the 
digital  computer  in  the  solution  of  jx-rformance  prc^blems.  The  electronic 
methods  of  performance  study  described  here  represent  a  critical  step  in 
adapting  tlic^e  automated  data  r€»cording  techniques  to  solution  of  problems 
of  performance. 


SUMMARY 

The  following  main  points  were  covered  in  this  survey  of  the  application 
of  scientific  motion  analysis  methods  to  the  assessment  of  performance. 

1)  Human  performance  is  an  aspect  of  organismic  interaction  which 
must  be  assessed  at  the  behavioral  level  in  terms  of  postural,  travel,  and 
manipulative  components  of  motion  in  different  types  of  activities.  Elec¬ 
tronic  methods  of  motion  analysis  provide  one  means  of  measuring  these 
different  component  movements  in  performance. 

2)  The  electronic  techniques  of  motion  study  are  based  upon  a 


principle  of  using  the  body  as  an  electronic  key  in  order  to  time  automati¬ 
cally  the  duration  of  manipulative  and  travel  movementa  in  manual  skill, 
in  panel  control  ojierations,  in  handwriting,  and  in  gait 

3)  Movement  organization  in  performance,  including  movement  inter¬ 
action.  temijo,  rhythm,  and  coordiation.  may  he  quantified  in  terms  of 
the  manipulation-travel  ratio,  the  manipulative-travel  correlation,  and  other 
special  measures  of  movement  relationships. 

4)  Learning  has  different  effects  upon  the  manipulative  and  travel 
com|K)nents  of  motion,  which  must  he  understood  in  terms  of  the  basic 
ne«!*x)motor  organization  as  well  as  in  terms  of  interactions  between  learning 
and  perception. 

5)  Motivation  alters  the  absolute  level  of  the  duration  of  comix)nent 
movements  in  motion  hut  does  not  nppc^nr  to  change  fundamentally  the 
organization  of  coordination  of  these  movenu*nts. 

6)  Systemic  stress  of  any  sort,  including  semi-starvation,  extreme 
thirst,  and  lo.ss  of  sleep,  affect  primarily  the  postural  and  travel  movements 
in  performance.  The  diurnal  changes  in  work  capacity  are  observed  primarily 
as  alterations  in  travel  movements.  The  effects  of  emotional  stress  on  dif¬ 
ferent  phases  of  motion  have  not,  as  yet.  been  clarified. 

7)  Many  perceptual  factors  influence  performance,  including  percep¬ 
tual  load  or  complexity,  perceptual  stre.ss,  interaction  of  perception  and 
specific  movements  of  travel  and  manipulation,  and  the  relative  space 
organization  of  different  sen.sorv'  processes  in  the  control  of  movements. 
Si>ecific  motion  analysis  methods  have  been  developed  in  order  to  quantify 
these  aspects  of  perceptual -motor  action.  The  application  of  closed  circuit 
television  to  analysis  of  these  perceptual  problems  of  motion  are  especially 
promising. 

8)  The  scientific  methods  of  motion  analysis,  described  in  this  report, 
are  an  essential  step  in  the  automated  recording  and  analysis  of  performance 
data  by  means  of  modern  electronic  computing  methods. 
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THE  DIGESTIVE  SYSTEM 


E.  S.  NASSET 

Department  of  Phyaiology,  University  of  Rochester 
Schooi  of  Medicine  and  Dentistry,  Rochester,  New  York 

The  classical  aspects  of  the  digestive  process  are  fairly  well  known  and 
need  not  be  discussed  here.  The  effects  of  moderate  muscular  activity  upon 
secretion  and  motility  are  not  very  striking  and  the  normal  variations  from 
day  to  day  in  these  functions  are  rather  large  and  not  very  predictable. 

There  are  certain  facts  which  have  come  to  light  recently,  however, 
which  may  have  some  hearing  upon  the  subject  under  discussion  and  that  is 
the  importance  of  the  gastrointestinal  tract  itself  as  part  of  the  protein  re¬ 
serve  of  the  body.  The  mucosa  of  the  small  intestine  is  possiby  the  most 
labile  source  of  protein  in  the  body.  Histological  slides  of  tiiis  tissue  always 
reveal  numerous  mitotic  figures  which  suggest  intense  cellular  and  hence 
metabolic  activity.  It  is  well  know  that  the  intestinal  mucosa  repairs  itself 
very  readily. 

It  is  interMting  to  consider  the  amino  acid  mixture  which  is  found  in 
the  gut  lumen  after  feeding  quite  different  meals  (3).  This  work  was  under¬ 
taken  in  order  to  teat  the  idea,  often  expressed,  that  variations  in  biological 
value  of  certain  proteins  might  he  attributed  to  different  rates  of  release  of 
individual  essential  amino  acids  during  digestion  in  the  lumen  of  the  gut 

Egg  albumin  was  used  as  an  example  cf  high  grade  protein,  and  zein 
was  used  as  an  extreme  example  of  protein  of  low  biological  value.  A  non¬ 
protein  mixture  of  sugar  and  lard  was  used  as  a  control  test  meal.  Dogs  were 
kept  on  a  normal  laboratory  diet  until  the  day  before  the  experiment  After 
fasting  24  hours  they  were  fed  the  test  meals.  Approximately  one  and  one- 
half  hours  later  the  dogs  were  sacrificed,  and  the  stomach,  duodenum, 
jejunum,  upper  and  lower  ileum  were  removed  separately  and  the  contents 
taken  out.  quickly  frozen,  and  prepared  for  amino  acid  analysis. 

Sixteen  tree  amino  acids,  including  all  the  essentials,  were  determined 
by  microbiological  techniques.  It  was  surprising  to  learn  that  the  mole 
ratios  of  the  free  amino  acids  in  the  lumen  resembled  neither  egg  albumin 
nor  zein.  In  the  stomach  contents  it  was  possible  to  recognize  the  amino 
acid  pattern  of  the  test  meal  protein  but  in  the  duodenum  it  became  less 
distinct  and  from  the  jejunum  to  the  ileum  it  was  impossible  to  identify  the 
test  meal  from  an  examination  of  the  amino  acids  in  the  contents.  Zein. 
which  is  virtually  devoid  of  tryptophane  and  lysine,  yielded  the  same  amino 
acids  and  in  the  same  ratios  as  egg  albumin.  Tryptophane  and  lysine,  which 
were  absent  from  the  test  meal,  appeared  in  the  intestinal  contents  in  about 
the  same  proportions  as  they  did  when  egg  albumin  was  fed.  More  surprising 
still  was  the  fact  that  when  a  mixture  of  sugar  and  lard  was  fed  the  amino 
acid  pattern  remained  the  same  as  when  egg  albumin  or  zein  were  fed. 

These  results  have  since  been  confirmed  in  a  study  of  the  digestibility 
of  irradiated  meat  and  lard  (4).  In  general  it  seems  that  the  nature  of  a 
meal  exerts  little  or  no  influence  on  the  amino  acid  mixture  present  in  the 
lumen  of  the  gut  during  digestion.  This  phenomenon  suggests  the  presence 
of  a  sort  of  homeostatic  mechanism  which  must  play  an  important  part  in 
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(i«*ti*nTiinin>:  tht*  an>ino  nrid  o>ni|><»Hiti(>n  of  th«*  portal  blwKl.  so  that  tho  livor 
(almost  roKardloHs  of  what  is  is  suppli«Ml  with  a  mix  tun*  of  amino 

acids  which  presumably  is  optimal  for  the  synthesis  of  protein. 

What  is  the  sourci'  of  endogenous  amino  acids  which  appear  in  the 
lumen  of  the  put?  It  is  useful  to  rt*call  that  all  of  the  hydrolytic  en/.ymes  are 
proteins.  Up  to  the  present  it  has  h<*en  ea.sy  to  fa!!  intt)  the  error  of  thinking 
that,  since  their  function  is  chiefly  catalytic,  they  are  pro.sejit  only  in  very 
.small  amounts.  The  evi<lence  suggests  that  they  may  lx*  secret4*d  in  rather 
large  amounts  and  that  tlH*y  ar<*  virtually  completely  auto-digested  and  re¬ 
covered  from  the  gut  a.s  amino  acitls  ’V\\v  amino  acid  composition  of  five 
chfferent  hy<lroIvtic  enzymes  of  th<*  gut  was  furnislutl  by  H  J.  Block  and 
from  these  data  certain  cM»mi>utations  were  made.  It  w;is  assunieti  that  the 
amciunt  of  enzynn*  protein  .secretisl  into  the  lumen  wjis  «*<jual  to  the  amount 
of  protein  in  the  test  meals  and  the  resultant  arnino  acid  mole  ratios  were 
calculatwi  'Fhey  were  surprisingly  close  to  what  was  found  by  direct  experi- 
ment.s  (2).  This  concept  seems  t<w»  sim[)!»*  tj)  hs*  true,  hut  there  can  lx*  no 
doubt  that  digestivi*  enzymes.  th<*  mucoproteins  and  otlier  f)rotein.s  that  are 
stvrettxl,  plus  the  .siouglnsl  nuieosa.  must  contribute  importantly  to  the 
amino  acid  mixtun*  found  in  the  lumen  of  the  gut. 

Another  aspect  of  this  work,  which  is  still  in  progress,  was  designed 
to  indicate  the  extent  and  th<*  mobility  of  the  protein  reser/es  in  different 
parts  <»f  tlx*  ga.stro  int<*stinnl  tract,  the  liver  the  pancreas,  and  the  whole- 
rat.  at  various  stages  (»f  fasting  and  during  .sul)si.stence  on  a  protein-free  diet 
for  as  long  as  Ih  days  ( 1 ). 

The  protein  res<*r\’e  of  the  small  intestine*,  pancreas,  and  liver  drop 
prei'ipitoiisly  and  in  eight  days  of  fasting  tht‘y  are  less  than  half  of  what  they 
were  at  the  beginning.  On  re-alimentation  with  egg  albumin  recovery  occurs 
|)romptly.  The  small  int#*«tine  rectwers  most  promptly,  followed  by  the  liver, 
pancreas,  and  stomach,  in  that  order.  In  the  first  24  hours  of  re  alimenta¬ 
tion  the  pancreas  and  stomach  actually  lose  still  more  protein  before  re¬ 
covery'  begins.  This  i.s  pmbably  due  to  the  secretory  demands  made  on  these 
organs  uj>on  ingestion  of  a  meal,  without  having  immediate  access  to  the 
exogenous  amino  acids  for  replenishment  of  their  own  protein  stores.  The 
mucosa  of  the  small  gut  serves  to  transfer  amino  acids  from  lumen  to  portal 
circulation  and  hence  hn.s  first  call  on  them  as  they  pass  through.  The  liver 
is  next  in  line  by  virtue  of  being  in  the  portal  stream.  The  stomach  and 
pancreas  must  wait  until  the  sy.stemic  bkxxl  carries  enough  of  the  exogenous 
amino  acids  to  facilitate  ♦he  replenishment  of  their  protiun  stores. 

Thus  far  the  evidence  indicates  that  the  hydrolytic  enzymes  and  other 
proteins  of  the  digestive  s€»cretions.  plus  slougheii  mucosa  of  the  small 
intestine  reprc’sent  one  of  the  largest  and  most  mobile  protein  reserves  of 
the  body. 
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ADDITION  AI.  OIWKKVATIONS  OX  PERFORMANCE 
AND  THE  DIGESTIVE  SYSTEM 


MORTON  I  GROSSMAN 
VctmiriH  Administration  Center 
I.oH  Anfiidt’s.  California 

I  am  intrijjuiHi  hy  the  line  of  discussion  Dr.  Nassot  has  broujTht  up.  I 
never  thought  al>oiit  it  Ixdore,  hut  just  a  fast  calculation  tells  me  that  the 
human  pancreas  can  put  into  the  ^at  as  much  as  20  grams  of  protein 
p*‘r  (lay.  in  the  h)rrn  «»f  dige.stive  enzymes. 

.Also,  I  wish  to  point  out  that  I  don't  think  wo  can  think  of  the  digestive 
system  in  the  same  terms  as  we  have  IxM-n  discu.ssing  th(‘  other  systems.  In 
the  cases  (if  die  cardiovasi-iilar  system  and  the  neuromusf'i.ilar  system,  we 
ar(‘  tliinking  of  their  direct  contrihution  to  performance.  The.so  may  become 
limiting  factors  in  p<‘rformance.  To  no  important  extent  can  the  dige.stive 
system  hecorne  a  limiting  factor  in  performance,  in  the  sense  that  work 
capacity  ('ati  1h‘  i*xceed<sl.  with  oth(*r  limiting  factors  having  come  into  play, 
long  U-tore  thf  iuir.mal  anility  of  tht*  dige.stive  .systtmi  to  assimilate  energy 
has  U‘en  exhausted 

So,  we  have  to  look  at  tin*  o{)posife  side  id  the  coin  for  clues  of  relation¬ 
ship  of  the  digestive  system  to  performance,  and  that  is  the  effect  of  various 
degrees  of  jierformance  upon  t‘ne  activities  of  the  digestive  tract.  Here.  I 
Indicve.  we  have  relatively  little  (juantitative  information.  In  general,  the 
set  retory  .ictivity  and  the  m'»tor  activity  (which  are  the  two  thing.s  w'e  can 
he«>l  measure  (ju.intitativi  lv)  do  not  r>4s'«*me  .‘significantly  depressed  during 
nuHlerate  muscular  a<'tivity  However,  they  do  Ixmome  di.sordered  at  extreme- 
l\  liigh  work  lev«‘!s — the  familiar  vomiting  of  the  athlete  after  he  has  run  his 
prize  winning  dash,  for  example  I  certainly  cannot  submit  quantitative 
data  on  this  aspect  of  the  problem,  hut  I  think  it  is  one  that  might  be  of 
some  interest. 

'i'h«*  other  thing  that  comi*s  to  rny  mind  in  th.is  area  is  the  relationship 
of  dige.stive  functions  to  the  finer  types  of  motor  performance.  Here  I  have 
particularly  in  mind  studies  such  as  Kate  Daiim  and  her  coworkers  have 
made  on  the  effect  of  skii>|>ing  breakfast  on  various  measures  of  psycho- 
motor  performance,  and  here  again  1  think  we  have  only  the  crudest  type  of 
indication  of  these  relationships,  at'.d  need  more  infonnation. 
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Ill  APPLICATION  OF  STANDARD  WORK  TESTS 

OPENING  REMARKS 

DOUGLAS  H.  K.  LEE* 

Chief,  Research  Branch,  Research  A  Engineering  Division, 
Office  of  The  Quartermaster  General,  Washington.  D.  C. 

In  the  preceding  section  of  our  discussions  we  have  considered  in  some 
detail  those  bodily  functions  which  arc  affectcNd  by  work  or  which,  in  turn, 
affect  bodily  performance.  The  question  now  before  the  house  is  how,  in  the 
light  of  this  knowledge,  we  can  devise  tests  of  bodily  response  to  work  that 
will  enable  as  to  determine  how  much  disturbance  to  bodily  function  Is  being 
created,  and  i>erhaps  more  importantly,  how  well  the  individual  being  tested 
is  capable  of  carrying  out  a  given  task.  In  engineering  terms,  we  wish  to 
know,  not  only  what  strain  is  being  exj>erienced  as  a  result  of  the  applied 
stress,  but  also  how  well  the  test  item  will  perform  under  given  circum¬ 
stances.  To  continue  the  engineering  terms,  we  obviously  need  some  system 
of  non  destructive  testing.  For  various  reasons  it  is  desirable  that  the  in¬ 
dividual  being  tested  survive  to  work  another  day. 

We  could,  of  course,  measure  the  degree?  of  disturbance  caused  by  vari¬ 
ous  levels  of  work  to  each  of  the  bodily  functions  considered  in  the  previous 
section.  But.  apart  from  the  confusion  of  data  tliat  would  result,  we  would 
l>e  faced  by  the  serious  question  of  how  much  weight  to  attach  to  each  of 
the  observe<l  disturbances.  A  straight  average  of  proportional  responses 
would  be  neither  intellectually  .aatsifying  nor  physiologically  sound.  We  need 
to  be  selective,  selective  in  the  reactions  that  we  observe,  and  selective  in  the 
tyf>e  of  stress  that  we  imfXMie.  The  reactions  must  be  such  that  disturbances 
are  readily  measured,  respond  proportionately  to  stress  over  a  wide  range 
of  stress,  have  real  physiological  significance,  and  are  relatable  in  some  way 
to  actual  performance.  The  type  of  stress  must  bear  some  demonstrable, 
and  preferably  easily  understood,  relationship  to  actual  practice  —  because, 
after  all.  the  ultimate  purpose  of  our  work  is  improvement  or  prediction  of 
human  efficiency  in  the  real  world.  The  test  performance  should  be  such 
that  it  can  l>e  fairly  ea.sily  .standardized  and  conductcnl  by  various  people 
under  various  circumstances  with  results  that  will  be  truly  comparable.  It 
would  he  very  nice  if  the  test  could  include  some  easily  recognizable  break- 
f>oints.  beyond  which  i)ersistence  would  be  known  to  carry  certain  |>enalties. 

Experience  has  shown  us  that  maximum  performance  tests  are  much 
more  easily  established  than  tests  at  sub-maximal  levels  of  stress.  We  badly 
need  tests  that  will  give  us  a  quantifiable  gradation  of  response  from  low 
to  maximum  levels  of  stress.  This  is  not  easy.  As  one  who  has  tried  for 
many  years  to  devise  tests  of  response  to  thermal  stress,  without  too  much 
success.  I  will  listen  with  considerable  interest  to  the  proposals  which  will 
follow. 

•Prricni  .iridrr^s.  Kdtirrt  A.  Tafi  .Sanitary  Enginminti  Ontcr,  Cinrinnati,  Ohio. 
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TREADMILL  TESTS  OF  PERFORMANCE 
CAPACITY  IN  DOGS 

DONALD  R.  YOUNG 

Nutrition  Branch 

Quartermaster  Food  and  Container  Institute  for  the  the  Armed  Forces 

Chicago,  Illinois 

In  1913  there  ap|)eared  a  small  volume  entitled  The  Fitness  of  the 
Environment  by  L.  J.  Henderson.  Henderson  distinguished  three  general 
aspects:  (1)  the  basic  nature  of  the  physical  elements  in  the  cosmos,  (2) 
the  8|>ocific  combinations  of  these  elements  on  the  earth,  and  (3)  the  fitting 
of  living  systems  into  this  environment.  Capacity  to  perform,  insofar  as  it 
involves  maintenance  of  health,  adjustment  to  imposed  work  tasks  and  the 
changes  in  the  environment,  is  implicit  in  the  latter  as|)ect  of  fitness.  Con¬ 
sequently.  in  examining  performance  and  the  factors  affecting  performance 
capacity,  we  are  studying  Henderson’s  third  component  of  fitness. 

While  the  problem  of  assessing  fitness  remains  complex  and  contro¬ 
versial,  there  is  agreement  that  physical  work  tests  generally  show  promise 
for  measuring  im(K)rtant  parameters  of  fitness.  While  such  tests  measure 
directly  only  fitnc^  for  physical  performance,  the  relevance  to  health,  re¬ 
habilitation,  as  well  as  occupational  and  military  performance  is  apparent 

In  performance  tc^ts  conducted  in  our  laboratory  we  have  emphasized 
treadmill  running  ir»  dogs.  This  interest  stems  from  the  nature  of  our  re¬ 
searches.  that  is.  ex|>erimental  studies  to  determine  the  effects  of  nutritional 
and  environmental  stresses  on  fitness  and  physical  work  capacity.  Treadmill 
running  has  been  selected  as  the  testing  procedure  since  it  permits  adjusting 
the  intensity  of  work,  provides  direct  as  well  as  indirect  measures  of  per¬ 
formance  capacity,  and  represents  a  type  of  physical  effort  the  effects  of 
which  can  be  compared  diriH^tly  with  measures  taken  in  man.  Additionally, 
treadmill  running  has  the  advantage  of  requiring  relatively  little  training. 
Consequently,  the  necessity  for  exessively  long-term  conditioning  to  assure 
consistent  results  is  obviated. 

This  paper  presents  the  methodology  of  treadmill  tests  of  performance 
capacity  in  dogs,  a  description  of  the  body  responses  to  work  of  graded 
intensity,  and  an  indication  of  some  of  the  important  factors  limiting  per¬ 
formance  in  the  dog.  along  with  recommendations  for  applications  to  the 
study  of  the  relationships  between  performance  and  dietary  variations. 

Methods 

Each  treadmill  u.sed  here  provides  a  running  space  of  58  inches  by 
18  inches  on  a  rubberized  non-skid  belt.  The  belt  is  driven  by  a  IV^  horse¬ 
power  synchronous  motor  operating  through  a  variable  transmission.  The 
belts  are  calibrated  for  speeds  from  1.5  to  14.6  m.p.h.  Grades  are  determined 
by  geometrical  measurement  and  expressed  as  degrees  of  incline.  An  electric 
barrier  mounted  at  the  rear  of  each  mill  provides  the  stimulus  (180  volts; 
low  amperage)  for  running  to  exhaustion.  Periodic  wetting  of  the  hind 
quarters  of  the  animal  serves  to  increase  the  aversion  to  the  stimulator  and 
promotes  maximum  performance.  The  end  point  in  exhaustive  running  tests 
is  determined  by  failure  of  the  animal  to  respond  to  six  consecutive  shocks 
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from  the  grid.  Terminally,  the  dogs  show  typical  signs  of  fatigue  such  as 
refusal  to  rise,  muscle  tremor,  and  spasm. 

A  cardiotachometer,  telethcrmomcter,  and  chain-compensated  gasome¬ 
ters  are  u.stHi  to  determine  heart  rate,  body  temperatures,  and  respiratory 
gas  exchange  bt'fore.  during,  and  after  work.  These  data  and  the  results 
t)f  1>1(hk1  analyses  prtwide  a  descriptive  evaluation  of  the  effects  of  exercise 
and  hartl  work,  and  form  the  hasi.s  for  indirect,  physiologic  and  biochemical, 
criteria  of  perforniaiut-  capacity.  Figures  1  and  2  tlemonstrnte  the  collection 
of  ex|)ire<l  air.  mea.surements  of  pulse  rate  and  Ixxly  temperature,  and  collec¬ 
tion  of  water  loss  from  the  oral  surfaces  during  aerobic  bouts  of  work. 

Typically,  the  animals  are  given  two  to  three  weeks  of  technical  training 
to  a-ssiire  ctJn.si.stent  re.s|M)n.ses. 

Usually  the  treadmill  is  held  eonstant  at  3.63  m.p.h.  For  10kg. 

dogs  30-35  cm.  in  height,  this  provide.s  a  ct)mfortable  pace  of  140  strides  per 
mmuto  with  a  step  leiigth  of  35  cm.  Work  inten.sity  is  adjusted  by  hydrauli¬ 
cally  varying  the  grade  from  0  U>  22  degrees  of  incline. 

Fnviromental  conditions  provide  a  constant  temperature,  humidity, 
noise  level,  and  lighting.  Most  t<»sts  are  conducttxl  at  GS"  F.  and  53  i>ercent 
relative  humidity. 

While  we  have  collected  a  large  body  of  data  as  a  result  of  tests  ad- 
mini-st<*r«l  to  mongrel  dogs  as  well  a.s  to  j)ure-hred  beagle  pups,  most  of  the 
responses  .s<-t  forth  Ix'low  have  lK‘en  obtained  in  tests  conducted  with  beagles 
nt)proxiniately  one  year  of  age. 

Il4*sults  and  Discussion 

Effect  of  increasirif!  firade  on  enerfty  expenditure:  Work  metabolism 
ha.s  lx‘en  studie<l  in  te.sts  of  gradeci  intensity.  For  collecting  expired  air 
samples,  the  dogs  are  fitttsl  with  espc-cially  constructed  re.spiratory  masks, 
and  traimsl  to  accei)t  th«-  mask  without  breaking  stride.  Routinely,  one- 
minute  gas  .siimp'le.s  are  c'olIecte<i  at  20  minutes  and  39  minutes  of  a  standard 
•10-miniite  work  test  and  analyze<l  for  oxygen  and  carbon  dioxide  content. 
Calculations  of  caloric  expenditure  are  made  from  the  Tables  of  Zuntz  as 
I)rovi(U*<l  by  Peters  and  Van  Slyko  (1).  No  ct)rrection8  are  made  for  protein 
metabolism  Figure  3  shows  the  average  increase  in  caloric  exi>enditure  with 
grade.  The  curves  are  similar  in  all  animals  tested.  The  relationship  is 
descrilxxl  by  the  linear  form  Y  •=’  0.022X  -4-  14.  where  Y  is  the  calories 
exi)ended  per  kilogram  per  minute  and  X  is  the  degree  of  treadmill  inclina¬ 
tion.  On  the  l)asis  of  replicate  measures  of  oxygen  uptake,  the  coefficient 
of  variability  (100  S.  I).  Mean)  has  Ix'en  ct)mputed  to  lx*  10  i>ercent  and  in- 
flei>endent  of  the  workload.  This  error  tenn  establishes  the  precision  for  this 
particular  measure. 

Work  efficiency:  Capacity  to  perform  is  in  general  related  to  work 
efficiency.  The  efficiencic?8  of  grade  climbing  are  determined  according  to 
the  method  of  Smith  (2).  Generally,  the  highest  efficiency  is  reached  at 
eight  degrees  of  incline,  and  for  all  dogs  it  decreases  at  the  lower  and  higher 
grades  (Table  1).  The  maximum  efficiency  attained  varies  from  17.5  to  28.7 
percent. 

Maximum  oxygen  uptake:  The  maximum  oxygen  uptake  is  generally 
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Figure  1.  Measurement  of  respiratory  gas  exchange,  heart  rate  and 
rectal  temperature  in  the  dog  during  an  aerobic  bout  of  work  on  the  motor- 
driven  treadmill. 


Figure  2.  Collection  of  oral  fluid  loss  and  measurement  of  body  tern’ 
perature  during  treadmill  tests  of  performance  capacity  in  the  dog. 
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Figure  3.  Effect  of  increasing  grade  on  the  mean  caloric  expenditure 
and  pulse  rate  during  treadmill  running  (3.63  m.p.h.)  in  6  pure-bred  male 
beagle  dogs  at  one  year  of  age. 
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Continuing  efforts  are  being  made  to  develop  rapid  testing  procedures 
which  by  a  single  or  relatively  few  criteria  will  distinguish  fitness  in  animal 
populations.  In  the  meantime  we  have  had  a  good  deal  of  success  in  applying 
the  long-sustained  work  test  in  studying  the  effects  of  water  and  carbo¬ 
hydrate  supplementation  as  well  as  effect  of  starvation  on  performance 
capacity.  For  long  Hustaine<i  running  trials,  the  work  is  aerobic  in  nature, 
work  efficiency  is  high,  and  calorie  ex|>enditur6  is  maximized  while  effect 
of  body  temperature  and  changes  in  the  blood  gas  content  are  minimized. 

TABLE  1. 

PERCENT  WORK  EFFICIENCY  DURING  GRADE  RUNNING 

(3.63  mph) 


Dog  No.  Grade 


4" 

8* 

12“ 

19“ 

22“ 

22 

98 

17.5* 

14.9 

15.6 

16.3 

15.8 

23 

12.7 

28.7* 

21.6 

20.4 

20.2 

15.6 

33 

14  2 

19.3 

19.8 

19.7 

20.U 

16.3 

34 

133 

22.5* 

15.4 

18.2 

19.7 

! 

16.6 

35 

149 

1 

21.8* 

21.0 

20.8 

19.8 

15.4 

Mean 

1  12.9 

t _ 

I  21.9 

1 _ _ 

1 

18.9 

- 1 

19.2 

15.9 

•  Highest  efficiency 


TABLE  2. 

Summary  of  the  Responses  of  Dogs  to  Exhausting  Work 
of  Graded  Intensity 

All  tests  conducted  at  a  constant  speed  of  3.63  mph 
at  grades  of  22.  15.  and  10  degrees  of  incline 


Characteristic 

Grade 

1  22“ 

1 - 

(jrade 

15“ 

Grade 

10“ 

1.  %  peak  effort^ 

97.2  -  4.23 

55.2  -  4.29 

43.5  ±  4.57 

2.  Running  time,  min. 

16  —  31 

40  —166 

325  ±  729 

3.  Total  energy  expenditure. 

Cal./kg. 

•M7.0±  3.73 

••49  0  ±  19.16 

138.0  ±  38.21 

4.  Maximum  pulse/min. 

296  ±  10.12 

303  ±  17.08 

249  ±  16.24 

5.  Maximum  rectal  temp.,  of 

108.7  ±  0.69 

107.4  ±  0.53 

105.3  ±  0.85 

6.  O2  debt,  cal. 

12.1  ±  7.08 

22.0  ±  10.89 

7.  A  Blood  glucose,  mg.  % 

f  11.0 

—  30.0 

8.  A  Blood  lactate,  mg.  % 

+  30.3 

f  1.3 

9.  A  Venous  0, ,  vol.  % 

+  4.8 

—  0.5 

10.  A  Venous  CO* ,  vol.  % 

—  17.1 

—  6.4 

•  %  of  peak  effort  •==  observed  O2  uptake  x  1(X> 
maximum  uptake 


••Includes  the  oxygen  debt 
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taken  as  a  measure  of  performance  capacity  of  the  cardiovascular-respira¬ 
tory  system.  In  a  broader  sense  it  has  been  used  as  a  criterion  of  over  all 
jjerformance  capacity.  Maximum  oxygen  uptake  has  been  periodically 
measured  in  dogs  varying  from  21  to  49  weeks  of  age.  Depending  on  the  age 
and  size  of  the  animal,  speeds  of  3.6  to  10  m.p.h.  and  grades  varying  from  10 
to  22  degrees  of  incline  are  required  to  elicit  this  response.  The  maximum 
value  is  taken  when,  for  a  constant  si)eed.  additional  treadmill  iriclination  of 
4°  fails  to  increase  the  resixjnse.  In  eight-  to  twelve-kilogram  dogs  this 
reprt»8ents  an  increased  work  intensity  of  0.128  to  0.192  Cal./min.  Figure  4 
shows  the  relationship  between  the  maximum  oxygen  uptake  and  age.  The 
values  show  a  marked  tendency  to  increase  with  age  from  60  cc./kg./mxn. 
at  five  months  of  age  to  135  cc,/kg  ./min.  at  approximately  one  year  of  age. 

An  examination  ha.s  been  made  of  total  «*ndurance  capacity  in  relation  to 
the  maximum  oxygen  iiptakiv  Hunning  time  to  exhaii.stion  and  the  maximum 
oxygen  uptake  have  bc*en  determinjd  independently  on  thren?  .separate  occa¬ 
sions  over  a  threi‘-W€H*k  ixericKl.  For  mea.suring  maximum  duration  of  running, 
a  spee<i  of  3.63  m.p.h.  and  15  degrees  of  incline  have  be<*n  used.  These  data 
are  presented  in  Figure  5.  While  a  signiticant  difTercnce  may  be  shown  in 
comparing  the  average  running  time  of  dogs  -22  and  -33  with  that  of  dogs 
-34  and  -40  —  109  minutes  and  156  minutes,  respc^ctively  (Critical  Ratio 
of  the  mc'ans  is  5.1)  —  there  is  no  difference  in  the  average  maximum  oxy¬ 
gen  uptake  of  133  and  138  cc./kg./min.  Indeed  the  results  of  our  studies 
suggest  that  a  difference  in  the  ortler  of  25  cc  kg./min.  (2xS.D.)  is  required 
to  demonstrate  differences  in  the  maximum  uptake. 

OxYfien  debt:  Relatively  .short-term  exhaustive  running  trials  induce 
an  oxygen  debt  in  the  magnitude  of  six  to  eight  liters  of  oxygen.  The  debt 
is  measured  routinely  during  the  first  24  minutes  of  recovery  following 
work.  Within  24  minutes  approximately  60  to  70  percent  of  the  debt  has 
been  repaid  (Figure  6).  Since  this  represents  the  major  part  of  recovery, 
it  is  .safe  to  assume  that  a  standanl  i>eriod  of  24  minutw  adequately  meas¬ 
ures  this  function.  For  determining  the  total  debt,  computations  are  based  on 
[xredictcHl  one-hour  recovery  values.  Theoretically,  this  estimates  94  percent 
of  the  debt. 

Effect  of  work  on  the  body  temperature:  Increase  in  body  temperature 
is  a  characteristic  resixmse  to  exertion  in  the  dog.  The  effect  of  increasing 
grade  on  the  rectal  temperature  is  shown  in  Figure  7.  For  workloads  re¬ 
quiring  caloric  expenditures  up  to  0  40  Cal. /kg./min.  the  dog  is  able  to 
maintain  for  a  prolonged  i>eriod  a  relatively  steady  state  temperature  with 
only  a  moderate  degree  of  heat  storage.  At  heavier  workloads,  body  temi)era- 
ture  shows  a  continuous  rise  with  running  time. 

Bexly  temperature  and  factors  as.sociated  with  heat  exchange  play  a 
major  role  in  determining  maximum  running  time.  For  relatively  short-term 
exhaustive  tests  a  highly  significant  relationship  is  obtained  between  rate  of 
rise  in  body  temperature  and  maximum  running  time.  The  criteria  used 
to  derive  this  relationship  are  exhaustion,  as  evidenced  by  inability  of  the 
animals  to  continue  running,  and  the  time  during  the  test  required  to  attain 
a  rectal  temfxerature  of  106.0°  F.  SJelection  of  this  particular  body  tempera¬ 
ture  is  based  on  our  observations  of  maximum  work  rectal  temperatures  of 
107.0°  F.  to  110.1°  F.  in  replicate  tests  conducted  with  18  dogs.  Thus,  in  the 
dogs  studied  the  temperature  of  106.0°  F.  is  one  which  can  be  attained  by 
alt  animals.  Moreover,  the  time  required  to  attain  this  temperature  during 


89 


Figure  6.  Average  excess  24 -minute  recovery  oxygen  consumption 
following  a  20  minute  run  at  4.24  m.p.h.  and  20  degrees  of  inclination.  Each 
point  is  the  mean  of  determinations  made  in  12  dogs. 
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Figure  7.  Rectal  temperature  and  caloric  expenditure  (Cal./Kg./ 
min.)  during  work  of  graded  intensity.  The  treadmill  speed  has  been  held 
constant  at  3.63  m.p.h.  while  the  grade  varied  from  0  to  22  degrees  of  in¬ 
clination.  Each  point  is  the  mean  of  determinations  made  in  6  dogs. 
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an  eihausting  run  dutinguUhet  animals  within  a  population,  the  ihort-term 
runners  characteriatically  showing  the  more  rapid  rise  in  temperature.  Figure 
8  ahowf  the  relationship  between  the  time  lequired  to  attain  a  rectal  tem¬ 
perature  of  106**  F,  and  the  maiimum  rur4ning  time.  The  product-moment 
coefficient  of  correlation  for  these  two  functions  is  -f- 0.991. 

In  long,  sustained  exhaustive  running  trials,  rise  in  body  temperature 
is  less  dramatic.  Maximum  rectal  temperatures  measured  during  exhaustive 
runs  of  six  to  nine  hours  duration  vary  from  104**  to  106**  F. 

Blood  gOM  content:  Treadmill  teats  in  dogs  frequently  result  in  marked 
changes  in  the  venous  blood  carbon  dioxide  and  oxygen  content.  In  many 
exhaustive  work  tests  there  is  a  characteristic  fall  in  the  whole  blood  €X)2 
tension  and  a  rise  in  the  Of  tension.  These  responses  are  shown  below: 

Duration  of  run.  min.  40  to  166  Probability 

A  COj.  cc./lOOml.  blood  —17.1  .01 

A  O2.  cc./lOOml.  blood  +  4.8  .05 

Thus  venous  blood  carbon  dioxide  showed  a  significant  decrease  from  resting 
values  of  43  cc./lOOml.  to  post-exercise  values  of  25.9,  while  blood  oxygen 
increased  from  15  cc./lOOml.  at  rest  to  near  saturation  levels  of  19.8  at  the 
termination  of  work. 

Loss  of  carbon  dioxide  from  the  blood  is  not  associated  with  obvious 
hyperventilation  and  “Auspumpung  ”  For  example,  in  the  course  of  over 
500  determinatioris  of  respiratory  gas  exchange.  R.Q.’s  in  excess  of  .99  have 
been  observed  on  only  ten  occasions.  Therefore,  it  is  likely  that  blood  C02 
loss  occurs  through  a  .slightly  elevated  and  sustained  rate  of  carbon  dioxide 
elimination  as  compartxl  to  its  metabolic  production. 

Effect  of  lowered  blood  CO  on  the  respiratory  centers  and  possible 
effects  on  performance  bear  examination. 

Metabolic  responnes  to  work:  Changes  in  the  post -absorptive  blood 
sugar  level  are  related  tt>  work  energy  expenditure.  The  product- moment 
coefficient  of  correlation  between  the  |>ercent  change  in  the  venous  blood 
glucose  and  excess  work  calories  expended  during  exhaustive  running  is 
— 0.835.  High-intensity  work  of  relatively  short  duration  results  in  an  eleva¬ 
tion  of  the  blo^xl  sugar  level  from  resting  values  of  81  ±  7.0  mg.  percent 
to  values  as  high  as  133  mg.  percent.  For  these  tests  the  energy  expended 
for  work  does  not  exceed  500  to  600  calories.  On  the  other  hand,  work 
expenditures  of  600  to  1200  calories  lower  the  blood  sugar.  We  have  obtained 
values  as  low  as  45  mg.  percent  at  the  termination  of  long,  sustained  ex¬ 
haustive  work. 

Our  data  on  the  relationship  between  work  calories  and  blood  sugar  are 
in  general  agreement  with  the  trends  shown  by  Dill  et  al  (3).  and  provide 
guiding  information  for  selection  of  tests  for  studies  wherein  the  blood 
sugar  level  is  of  interest. 

For  high-intensity  tests  of  relatively  short-term  duration,  the  blood 
lactic  acid  increases  from  resting  values  of  2  to  7  mg.  percent  to  levels  of 
50  mg.  percent.  However,  work  which  tends  to  lower  the  blood  sugar  does 
not  materially  affect  the  level  of  lactic  acid. 

Measurements  of  blood  lactate  are  of  value  in  determining  the  metabolic 
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Figure  8.  Relationship  between  the  time  required  to  attain  a  rectal 
temperature  of  106^  F.  and  exhaustive  running  time  in  tests  of  graded 
intensity. 
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character  of  work.  Thus,  substantial  accumulation  of  lactic  acid  is  evidence 
of  anaerobic  work  iM^rformance.  The  oxygen  debt  is  used  in  computing  the 
total  w*ork  energy  exi)enditure.  The  absence  of  excessive  accumulation  of  lac¬ 
tic  acid  in  the  bloixl  is  evidence  fur  predominantly  aerobic  work.  Little  at¬ 
tention  is  paid  to  the  minor  “alactic”  debt  incurred  during  this  type  of 
testing. 

Maximum  aerobic  capacity  and  work  dehydration:  Long-sustained 
running  trials  are  requireni  to  maximize  the  gross  aerobic  energy  expendi¬ 
ture.  In  our  cx|)erimental  studies  of  long -sustained  endurance  capacity,  the 
total  energy  ex|)enditure  is  usually  determined  from  the  mean  rate  of 
expenditure  measure<l  aftt'r  one  and  tw«)  hours  of  running,  multiplied  by  the 
total  running  time.  Reliability  of  this  procedure  may  be  inferred  from  the 
following  example:  During  a  seven-hour  run  to  exhaustion  at  3.63  m.p.h. 
and  10  degrees  of  incline,  the  gross  energy  ex|>enditure  of  a  10.37-kg.  dog 
has  been  computed  to  be  1332.2  ±  80.6  calories.  This  estimate  is  based  on 
14  measurements  of  respiratory  gas  exchange  made  every  30  minutes  during 
the  run.  Gross  expenditure  computed  from  two  measures  of  gas  exchange  is 
1350.3  calories.  It  is  considered  safe  to  asiume  that  maximum  work  per¬ 
formance  can  be  adequately  determined  from  the  mean  of  two  standard 
measures  of  respiratory  gas  exchange. 

For  a  fixed  speed  and  grade,  maximum  aerobic  energy  expenditure  is 
reasonably  constant  despite  variations  in  body  weight  and  running  time. 
On  the  basis  of  30  long,  sustained  running  trials,  the  mean  gross  caloric 
expenditure  is  1193  Calories  (standard  error  of  the  mean  is  ±28.2).  How¬ 
ever.  since  the  rate  of  caloric  exj^enditure  is  correlated  with  body  weight 
(r  “  -f  .899  [p  <.01])  as  is  total  running  time  (r  —  .655  [p  <.0I]). 
steps  are  taken  to  insure  constancy  in  the  weights  of  the  individual  dog 
for  any  sequence  of  tests  by  controllcKl  fc?eding  in  order  to  obviate  any  un- 
u.sual  bias  referrable  to  changes  in  body  jght. 

Two  techniques  have  been  utilized  to  achieve  constancy  in  the  rate  of 
work  energy  expenditure  and  maximum  running  time  in  studies  involving 
restricted  nutrient  intake  and  body  weight  loss.  Polyethylene  “packs”  filled 
with  lead  shot  are  strapped  to  the  animals  for  added  weight  Alternately,  the 
work  intensity  is  controlled  by  adjusting  the  treadmill  incline.  Usually  the 
rates  of  expenditure  are  adjusted  to  the  intensities  observed  during  the 
control  phases  of  testing. 

Body  weight  loss  is  substantial  during  exhaustive  running.  Typically, 
the  dog  can  lose  9  to  12  percent  of  the  body  weight  when  running  to 
exhaustion.  Because  of  the  theoretical  inter<*st.  computations  have  been 
made  for  water  and  metabolic  substrate  loss.  The  estimates  shown  below 
have  been  made  in  the  course  of  an  exhausting  run  of  420  minutes  duration. 
Between  30  and  210  minutes  of  running,  the  body  temperature  was  constant 
at  39.1®  C.;  the  respiratory  quotient  was  .79;  environmental  conditions  pro¬ 
vided  a  room  temperature  of  24.5®  C.  and  a  relative  humidity  of  50  percent 
Water  metabolism  was  computed  from  the  constants  of  Newburgh  et  al  (4). 


Oxygen  uptake,  L. 

115.620 

Carbon  dioxide  production.  L. 

91.050 

Gross  calorie  expenditure,  Cal. 

553.60 

Energy  source,  g. 

Fat 

42.7 

Glucose 

38.2 

Water  of  oxidation,  g. 

Fat 

45.7 

Glucose 

22.9 
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These  provide  the  following  stoichiometric  relationships: 

809  Substrate  -f  165.1  g.  O2  178.6  g.  CO*  +  68.6  g.  H2O 
The  €»8timated  components  of  weight  loss  are  as  follows: 


Respiratory  water  lost  through  humidifying  room  ai  r,  g.  352.3 
Tissue  lost  by  combustion  of  fat  and  carbohydrate,  g.  80.9 

’  Drip  loss.  g.  146.8 

Total  g.  580.0 


Of  the  estimated  499.1  g.  of  water  lost.  68.6  g.  are  theoretically  derived  from 
water  of  oxidation  and  430.5  g.  are  derived  from  preformed  water.  \\T»ile 
these  valutas  are  only  estimates  and  niwssarily  neglect  the  effects  of  protein 
metabolism,  they  are  useful  for  comparing  the  extent  of  work  dehydration 
during  various  experimental  treatments. 

Maximum  calorie  exfienditure  is  related  to  the  extent  of  work  dehydra¬ 
tion.  On  the  basis  of  43  running  tests,  the  product  moment  coefficient  of 
correlation  lK*tween  i>ercent  weight  loss  during  running  and  gross  energy 
exi)enditure  is  -  .869.  The  regression  equation  for  these  functions  is  Y  = 
119  91  X  —  116.40.  where  Y  is  the  calorie  expenditure,  and  X  is  the  pera’iit 
loss  in  Ixxly  weight.  The  standard  error  of  estimate  of  y  on  x  is  183  calories. 

That  dehydration  is  an  im|>ortant  factor  limiting  performance  has  beer; 
demonstrated  by  supplementation  with  water  during  exhaustive  tr?acimill 
running.  At/  lihitum  water  intake  (1.5  liters)  during  long,  wntinuously 
sustaint'd  work  increases  performance  capacity  by  80  percent  (p<  <.01). 

I'he  resjM>n.si*s  to  exhaustive  treadmill  running  of  graded  work  intensity 
are  summarized  in  Table  2. 

ConclusioiLs  and  Summary 

Rcsjwn.ses  of  the  dog  to  the  stress  of  physical  work  have  been  presented, 
and  two  prediction  (equations  for  estimating  capacity  for  work  have  been 
discussed.  For  exhausting  work  of  10  to  170  minutes  duration,  running  time 
can  be  accurately  (.standard  ermr  of  estimate  is  ±:  6.7  minutes)  determined 
from  the  rate  of  increase  in  body  tempc*rature.  Factors  associated  with 
exhau.stion  in  tests  of  this  intensity  are  elevated  body  temperature,  work 
dehydration,  accumulation  of  blood  lactate.  CO?  blowoff  and  O?  debt. 

For  long,  sustained  running,  maximum  energy  expenditure  may  be 
determined  from  the  bociy  water  loss.  The  prediction  equation  for  these 
two  functions  is  unfortunately  less  reliable  than  the  relationship  based 
on  increa.sed  body  temperature.  Thus  the  standard  error  of  estimate  for 
predicting  energy  expenditure  from  body  water  loss  is  15.2  percent. 

Care  must  be  exercised  in  selecting  appropriate  work  tests  to  study 
physical  fitness  in  the  dog  in  its  relationship  to  diet  or  other  variables. 
A  comprehensive  and  unbiased  approach  must  take  cognizance  of  the  physio¬ 
logic  distortions  due  to  exertion.  Relatively  short-term  runring  trials  may  be 
of  value  in  studying  treatment  effects  when  performance  is  evaluated  with 
respect  to  body  temperature  and  water  loss. 

*  Drip  icM*  which  it  detrrmined  by  differrnre  between  obter\’ed  weight  lou  and  the  turn  of 
tubstrate  plut  reipiratory  water  loii  includes  in  addition  to  the  excess  of  fluid  d  aining  from 
the  oral  surfaces,  the  evaporative  lost  from  the  ventral  surface  of  the  tongue  and  water  lost 
through  the  skin. 
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THE  MEASUREMENT  OF  PERFORMANCE  IN 
SMALL  LABORATORY  ANIMALS 


DONALD  J.  KIMELDORF 
Division  of  Biological  and  Medical  Sciences 
V.  S.  Naval  Radiological  Defense  Laboratory,  San  Francisco,  California 

Evaluation  of  performance  ia  limited  to  obHervations  on  experimental 
animals  in  those  circumstances  where  the  experimental  variable  is  a  poten¬ 
tially  lethal  chemical,  hioIo{,Mcal.  or  environmental  agent.  We  will  describe 
and  discuss  some  methods  of  measuring  |)erformance  which  have  been 
particularly  useful  in  exi)erimental  studies  with  rodents.  Our  interest  in 
rodents  stems  from  the  hazaitlous  nature  of  the  ex{)erimental  variable 
im|)ose<l;  namely,  ionizing  radiation,  and  the  desirability  of  testing  large 
numl)t*rs  of  subjcHrLs  using  s|)ecit*s  having  a  relatively  homogeneous  biological 
background. 

"Performance”  may  be  considered,  in  general,  as  behavior  in  a  particular 
environment.  The  observed  behavior  reflects  a  complex  of  psychological  and 
physiological  factors  whose  relative  im|X)rtance  depends  upon  the  conditions 
under  which  the  performance  is  carric*d  out  and  the  interests  of  the  ex- 
lH*rimenter.  For  example,  the  iwrformance  may  be  highly  weighted  with 
regard  to  .sensory  functions  involving  discrimination  and  cognition  with  little 
physical  effort,  or  it  may  involve  the  outlay  of  large  physical  effort  wherein 
sensory  and  other  psychological  factors  are  much  less  important.  Therefore, 
the  test  situation  created  for  the  evaluation  of  j>erformance  must  be  clearly 
defined.  This  is  particularly  important  for  animal  studies.  All  subjects  should 
b<‘have  (X)nsistently  in  the  test  situation  and  should  be  equally  motivated 
unle.Hs,  of  munw,  motivation  is  under  study.  The  solution  to  these  problems 
with  human  .subjicL;  U  facilitated  by  their  higher  degreee  of  comprehension 
and  the  use  of  verba!  instruction.  The  necessity  of  conditioning  the  animal’s 
U’havior  to  a.Hsure  ct)nsistent  Indinvior  riuring  testing  is  readily  apparent. 
The  factor  of  motivation  lx*comes  imix^rtant  when  the  animal  is  required 
to  .sustain  a  particular  level  of  output  which  is  under  examination.  The 
performance  may  be  as,sayed  diri*ctly  in  terms  of  errors,  time,  and  intensity 
of  effort  in  a  standardized  test  situation  or  indirectly  by  evaluating  func¬ 
tional  respon.si's  which  are  presumably  highly  correlatcfi  with  performance 
capability.  The  best  estimate  of  i>erfonmance  in  some  situations  would 
incor|>orate  Iwth  direct  and  indirect  measurements. 

We  have  measured  the  performance  of  rodents  iu  (1)  a  repeated 
exhaustive  swimming  exercise  test,  (2)  a  motor-driven  treadmill.  (3)  an 
activity  wheel,  and  (4)  a  diffuse  activity  cage.  With  the  exception  of  studies 
using  motor-driven  treadmills,  there  was  very  little  difficulty  in  making 
direct  quantitative  measurements  of  )>erformance.  These  techniques  and 
some  of  the  factors  affecting  the  scores  ond  their  interpretation  will  be 
described. 

Swimming  to  exhaustion  as  a  forced  exercise  performance  test:  Forced 
exercise  studies  in  intact  animals  generally  involve  avoidance  stimuli  such 
as  electric  shock,  air  blast,  or  escape  from  water  immersion.  The  animal  is 
trained  to  recognize  that  a  particular  behavior  leads  to  partial  or  complete 
avoidance  of  the  noxious  stimulus.  The  work  output  may  be  modulated 
by  altering  the  difficulty  of  the  task  by  means  of  weight  loading  the  animal, 
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inclining  the  treadmill  bolt,  or  incrcaaing  the  friction  againat  which  the 
animal  must  work. 

Swimming  was  soloctod  as  a  U*8t  of  performance  since  it  constitutes 
an  intense  form  of  physical  effort,  and  exhaustion  is  readily  discernible. 
The  lalxiratory  rat  np{>ears  to  be*  highly  motivated  by  water  immersion. 

In  the  performance  test  animals  swim  individually  in  24-gallon  cylin¬ 
drical  metal  tanks  filled  with  fresh  water  to  a  constant  level.  The  tanks 
are  thoroughly  ch'ant'^l  daily  and  are  refilhnl  prior  to  each  day’.s  trials, 
rhe  water  temperature  is  kept  within  *  l.r>‘*C.  FckxI  i.s  withhdraw'n  from 

the  animal  ai)proximnt€*ly  four  hours  prior  to  testing.  The  animal  is  com¬ 
pletely  immersiHl  in  water  to  remove  any  residual  air  trapped  in  the  fur 
and  to  rtxluce  buoyancy.  The  initial  time  is  recorded  and  the  animal  swims 
under  continuous  ol>servation  until  he  is  unable  to  rise  above  a  line  18  inches 
below  the  water  surface.  When  he  is  bi'low  the  line  for  a  period  estimated 
to  b**  longer  than  ir>  8€*conds.  the  animal  i.s  retrieved  and  the  duration  of  the 
performance  trial  is  rt*coftlc*d.  .Any  i^eculiarities  in  manner  of  performance 
are  also  noted  for  sulwequent  evaluation.  The  use  of  this  criterion  is  pre- 
sumtxl  to  insure  swimming  to  exhaustion,  since  the  animal  at  this  time 
show.H  many  sign.s  of  marked  fatigue  such  an  an  inability  to  maintairi  normal 
posture,  to  walk,  or  tr»  swim  again  if  returnixl  to  the  tank  immediately 
following  the  completion  of  an  exercise  trial.  Occasionally  an  animal  floats 
or  exhibits  other  markixl  abnormalities  in  swimming  behavior  and  the  trial 
must  lx*  discarded. 

.An  experienccxl  technician  working  with  a  recording  clerk  can  readily 
o|>erate  ten  tests  concurrently  and  run  as  many  a.s  30  animals  in  one  hour. 
We  have  t<*sted  rats  once  daily,  with  five  trials  |)er  week,  for  periods  as  long 
as  26  weeks. 

The  first  week’s  trials  are  considered  as  training.  During  this  time  the 
performance  may  be  highly  variable.  However,  by  the  end  of  the  pericxi  i>er- 
formance  is  stabilizcxl  and  remains  relatively  characteristic  of  each  animal’s 
sulisequent  performance. 

Tahie  1  describes  the  course  of  performance  during  11  weeks  of  testing 
for  grou|>s  of  rats  observ'cxl  in  separate  experiments.  The  animals  used  for 
each  ex|)eriment  were  male  members  of  litters  born  during  the  same  week 
from  an  inbred  strain  of  Sprague- Dawley  rats  Test  animals  were  selected  on 
the  basis  of  a  narrow  weight  class  such  that  all  animals  that  were  used 
weighed  within  10  grams  of  the  group  mean  (approx.  250  g.).  A  10-gram 
load  clip|>ed  to  the  chest  fur  was  used  throughout.  The  load  was  not  changed 
with  time  since  the  repeated  swimmming  test  retarded  the  increase  in  body 
weight  to  approximately  10  to  15  percent  of  the  initial  weight  (4)  and  this 
effect  on  load  was  not  considered  appreciable. 

The  principal  variables  affecting  performance  time  arc  water  tem¬ 
perature  and  body  weight  load  relationships.  Performance  time  varies  with 
water  temperature  in  such  a  way  that  trial  duration  in  20  to  22^0.  water 
tends  to  he  twice  as  long  as  that  in  14  to  IG’^C.  water.  Without  an  attached 
load  a  250  g.  rat  may  swim  and  float  in  20^0.  water  for  several  hours  before 
the  trial  is  terminated  with  muscle  spasm.  The  use  of  a  10-gram  load  results 
in  performances  of  10  to  30  minutes  while  a  15-gram  load  will  reduce  the 
duration  of  most  trials  to  less  than  10  minutes. 

The  effects  of  repeated  daily  exhaustive  swinoming  ezerdse  upon  body 
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weight  and  the  weight#  of  voluntary  mumrle  (gluteus  maxiinus),  heart 
kidney,  spleen,  thymus,  adrenal,  thyroid,  pituitary,  and  testis  have  been 
evaluated  in  144  rats  sacrificed  at  intervals  during  four  weeks  of  daily 
testing  (4).  The  changes  in  body  weight  and  most  organs  with  respect  to 
non-excrcised  controls  were  related  to  the  number  of  exercise  trials  prior 
to  sacrifice.  A  reduction  in  body  weight  with  respect  to  non-exercised 
controls  was  accompanied  by  a  reduction  in  voluntary  muscle,  kidney,  and 
thymus  weight.  There  was  relatively  little  change  detectable  in  testis  and 
pituitary  with  repeated  exercise.  The  heart,  spleen,  thyroid,  and  adrenals 
wtTt*  enlarged  after  diffenmt  numbers  of  exercise  trials.  The  absolute  weight 
of  the  leg  musculature  was  reduced  with  exercise  although,  relative  to  body 
weight,  the  muscle  was  larger  in  exercised  animals.  It  is  obvious  that  many 
of  the  changes  observed  utilizing  a  method  of  enforced  exercise  are  the 
combined  effects  of  the  non  specific  responses  to  the  stress  of  the  test 
.situation  and  the  rosixmsrs  specifically  related  to  the  adaptation  to  exercise. 
Accommodations  to  the  conditions  of  exercise*  are  evident  in  cardiac  hyper¬ 
trophy  and.  possibly,  by  a  relative  although  not  absolute  increase  in  the 
size  of  the  muscle  participating  in  the  exercise. 

Treadmill  performance  as  a  forced  exercise  test:  It  is  difficult  to  vary 
markedly  the  intensity  of  effort  exhibited  by  the  rat  in  the  swimming 
performance  teat.  For  a  considerable  portion  of  each  test,  experienced  rata 
tend  to  swim  frantically  regardless  of  the  work  load  imposed  by  adding 
weights.  It  is  well  known  that  the  physiological  responses  to  short  bursts  of 
intensive  muscular  effort  are  considerably  different  from  those  involved  in  a 
low  level  of  work  output  sustained  over  a  relatively  long  period  of  time. 
Other  methods  of  performance  testing  were  sought  which  would  permit  the 
investigator  to  modulate  the  intensity  of  effort  required  of  the  trained 
animal  in  the  avoidance  response  situation. 

Either  a  wire-mesh  wheel  or  an  endless  belt  treadmill,  motor-driven  at 
a  predetermined  8p€»ed.  appeared  to  he  suitable  means  of  exercising  relatively 
large  numbers  of  rats  for  extended  periods  of  time.  Several  versions  of  the 
wheel  type  apparatus  were  tested,  but  it  was  found  that  when  the  speed 
was  increased  to  a  rate  approximating  a  rapid  walk  the  animal  tended  to 
ride  by  clinging  to  the  mesh.  Further,  animals  were  subjected  to  considerable 
trauma  when  they  failed  to  maintain  a  running  position  and  tumbled  about 
in  the  apparatus.  Accordingly,  the  wheel  apparatus  was  abandoned  and  a 
belt  treadmill  was  developed  for  use  with  rats. 

The  apparatus  consists  of  a  wide  endless  belt  riding  on  metal  rollers. 
One  roller  is  driven  at  a  selected  rate  by  a  variable  speed  control  system. 
A  plywood  table  between  rollers  supports  the  belt  so  that  a  flat  miming 
surface  is  provided  for  the  animal.  A  lucite  box,  partitioned  into  30  indi¬ 
vidual  compartments  each  12  inches  long,  4  inches  wide,  and  14  inches  high 
is  suspended  over  the  belt  providing  a  limited  area  in  which  each  animal 
may  exercise  (Fig.  1).  A  shock  grid  (540  volts,  O.Sma)  passes  through  the 
rear  of  each  cx>mpartment.  The  animal’s  tail  is  taped  to  a  wire  suspended 
from  the  top  of  the  compartment  to  prevent  the  tail  from  being  caught 
under  the  rear  wall  by  the  moving  belt. 

The  animal  is  trained  to  avoid  the  electric  shock  by  keeping  pace  with 
the  belt  movement.  After  preliminary  training  consisting  of  five  trials  it  is 
only  necessary  to  activate  the  shock  grid  intermittently  and  the  animal  will 
continue  to  mn  until  nearly  exhausted.  Painting  Uie  posterior  portion  of  the 
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side  walls  offers  the  animal  a  visual  cue  as  to  the  area  containing  the  shock 
Krid. 


Direct  determination  of  the  time  for  complete  exhaustion  is  extremely 
difficult  because  of  the  variability  in  behavior  which  occurs  as  the  rat 
b€MX>mes  exhausted.  Some  animals  will  slide  into  the  shock  electrodes  for 
increasingly  longer  periods  of  time  while  others  will  turn  about  and  attack 
the  electrodes.  Although  the  shock  intensity  is  light  to  the  observer’s  touch 
there  is  always  the  problem  of  an  animal  injuring  himself  through  his 
manipulations  at  the  grid  end  of  the  moving  belt  if  allowed  to  remain  there 
for  long  periods. 

Despite  these  difficulties  it  is  still  feasible  to  describe  the  duration  of 
f)erfonnance  fHJs.sible  in  a  specified  population  of  rat.s  as  a  function  of  the  belt 
speed.  To  this  end  adult  male  Sprague-Dawley  rats,  72  ±  3  days  of  age, 
wore  trained  to  run  on  the  treadmill  once  daily,  five  times  per  week,  for 
four  weeks.  Each  trial  was  terminated  when  the  animal  lay  against  the 
electrodes  and  rofu.sed  to  exercise  further  when  replaced  in  a  running 
position  on  the  treadmill. 

The  data  are  summarized  in  terms  of  the  average  duration  of  the 
long«'st  daily  trial  accomplished  i>er  week  at  each  speed  (Table  2).  During 
"he  first  week  of  exercise  some  of  the  animals  were  adapted  to  the  belt 
oj>erate<l  at  a  low  running  sf)ee<l  which  was  gradually  increased  during  the 
first  five  trials.  This  procedure  facilitated  the  adaptation  of  animals  to  the 
treadmill  hut  did  not  c-onfer  any  significant  advantage  in  terms  of  suhse- 
quent  performance  time.  At  rates  of  30,  40.  and  60  feet/minute  repeated 
exercise  rc*8ulte<l  in  an  increase  in  i)erformance.  At  the  lowest  speed  (30 
feet 'min.)  a  rat  can  exercise  17  hours.  The  time  to  exhaustion  at  40  feet/ 
minute  was  25  j>ercent  shorter  than  at  30  feet/minuto.  although  the  distance 
traveled  was  nearly  identical.  At  80  feet/minute  the  limit  of  physical  capa¬ 
city  under  these  conditions  was  approached  and  further  exercise  experience 
did  not  improve  the  situation  in  terms  of  the  attainable  length  of  running. 

Some  further  evaluation  of  performance  was  obtained  by  studying  body 
weight  changes  during  the  course  of  four  weeks  of  exercise,  heart  rate,  and 
colonic  tomj>craturc.  When  animal  groups  were  exercised  for  either  two, 
four,  or  eight  hours  per  day  at  40  feet/'minute  the  effects  upon  body  weight 
were  transient.  There  was  an  initial  decrease  in  weight  which  was  related 
in  degree  to  the  duration  of  the  daily  exercise  trial.  The  rate  of  growth  was 
comparable  to  sham-exeremed  controls.  Heart  rate,  during  30  minutes  to 
six  hours  of  continuous  exercise  at  speeds  of  37  to  75  feet/min.,  increased 
rapidly  with  the  on.set  of  exercise  to  a  peak  value  approximately  25  percent 
above  the  initial  rate.  The  heart  rate  remained  elevated  for  approximately 
one  hour,  then  decreased  gradually  to  near-resting  values  if  the  exercise 
was  continued.  If  the  duration  of  exercise  was  less  than  an  hour  the  heart 
rate  fell  rapidly  with  cessation  of  exercise,  reaching  resting  values  within 
a  few  minutes.  Colonic  temperature  during  30  minutes  of  exercise  at  50 
feet/minute  increased  approximately  2.2^  F.  during  the  first  10  minutes 
and  remained  elevated  during  the  remainder  of  the  exercise  period.  Upon 
completion  of  the  task,  temperature  fell  gradually  to  resting  levels  within 
one  hour.  Th€?se  findings  suggest  that  treadmill  exercise  under  the  conditions 
described  was  of  moderate  intensity  for  the  rat  and  was  well  tolerated. 
This  concept  is  corroborated  by  the  findings  that  daily  exhaustive  swimming 
exercise  markedly  increases  the  lethality  response  to  ionizing  radiation. 
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whereas  daily  treadmill  exercise  uf  durations  up  to  eight  hours  at  40  feet/ 
minute  does  not. 

Activity  meoMurementg:  Physical  activity  which  is  not  explicable  in 
terms  of  specific  external  stimuli  is  Kenerally  considered  an  expression  of 
physiological  state  and  is  used  under  certain  circumstances  (3)  as  an  index 
of  malaise*  of  the  organism.  Activity  is  a  performance  measure  which  can 
he  quantitated  readily  in  the  small  laboratory  animal.  The  factors  which 
influence  activity  |>erformance  are  many  and  have  hc^en  intensively  studied 
by  investigators  in  diverse  fields.  Their  findings  have  been  reviewed  by 
Shirley  (8).  Reed  (7)  and  Munn  (6).  There  apt^ear  to  be  four  major  groups 
of  variables  affecting  the  pattern  of  activity  observenj.  These  are:  (1)  the 
type  of  apparatus  used.  (2)  the  test  environment  (illumination,  temperature, 
extraneous  stimuli).  (3)  the  test  procedure  employed  (duration  of  measure¬ 
ment  interval,  diet,  manipulations  of  the  test  animal)  and  (4)  constitution 
of  the  test  animal  (sex.  age.  genetics,  physiological  and  psychological  state). 
We  propose  to  descrilje  two  methods  of  activity  measurements  which  have 
b€*en  used  successfully  to  assay  changes  in  physical  activity  following  ex- 
{)osure  to  ionizing  radiation.  The  two  method.s  differ  primarily  in  the  types 
of  apparatu.s  employed.  Physical  activity  measured  by  the  wheel  cage 
method  will  be  de8crib<*d  as  volitional  activity*,  whereas  activity  measured 
in  spring -suspended  cages  will  be  described  as  diffuse  activity. 

*Volitional  activity:  The  apparatus  consists  of  a  vertically  revolving 
wheel.  4^2  inches  wide  and  14  inches  in  diameter  (Fig.  2).  Each  wheel  is 
€*quippe<i  with  a  Veeder  type  ctjunter  which  records  revolutions  of  the 
wheel  in  both  directions.  Food  and  water  are  always  available  in  a  small 
living  rage  which  is  connected  with  the  wheel  proper  through  an  access  port. 
Each  wheel  cage  apparatus  is  placed  in  a  sound -deadened  box  which  is  open 
at  the  front.  The  living  cage  faces  the  open  side  of  the  box  to  provide  maxi¬ 
mum  isolation  of  the  wheel.  Up  to  12  such  boxes  are  placed  in  each  of 
ten  .sound-proofed  rooms  in  an  air-conditioned  building.  All  sound  insulation 
is  accomplished  through  the  use  of  U^  inch  acousti-celotex  linings.  Each  of 
the  rooms  is  illuminated  constantly  by  a  single  1 50- watt  incandescent  bulb, 
and  each  is  supplied  with  its  own  air  exchange  system. 

For  each  experiment,  wheel  readings  are  taken  once  daily  at  the  same 
time  in  order  to  minimize  disturbing  the  animals.  Feeding  and  watering  is 
accomplished  at  reading  time  once  a  week,  and  cleaning  at  the  same  time 
on  alternate  weeks.  The  animals  are  not  otherwise  disturbed  except  for 
special  experimental  treatment,  if  applicable.  Prior  to  each  series  of  studies, 
wheels  are  calibrated,  using  the  system  recommended  by  Lacey  (5).  It  has 
been  found  that  all  wheels  have  similar  moments  of  inertia,  and  that  in  no 
case  is  it  necessary  for  a  you.ng  adult  animal  to  move  more  than  0.4  cm 
along  the  wheel  in  order  to  overcome  friction.  All  animals  were  maintained 
on  a  diet  of  Purina  Laboratory  Chow  which  is  ground  to  a  meal  in  order 
to  prevent  jamming  of  the  wheel  cage  by  food  pellets.  Animals  are  never 
traruferred  from  one  cage  to  another  during  a  study,  and  cages  are  thorough¬ 
ly  washed  between  experiments.  In  this  way,  it  is  possible  to  consider  the 
animal  and  the  apparatus  as  a  single  unit,  subject  to  minimal  variations 
with  respect  to  the  environment.  Male  rats  of  the  Sprague- Dawley  strain, 
bred  in  the  Laboratory  colony,  are  used  and  are  accommodated  to  constant 
light  in  individual  cages  for  at  least  two  weeks  prior  to  entry  into  the  wheel 
cages.  Animals  not  exhibiting  normal  growth  patterns  during  this  period 
are  discarded. 

•Thi*  term  may  be  interpreted  to  mean  “periodical  running.” 
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Only  male  rata  arc  uaod  since  females  show  cyclical  patterns  of  activity 
which  are  very  precisely  correlated  with  stages  of  the  estnis  cycle.  The 
effect  of  age  and  ex|>erience  in  the  apparatus  are  illustrated  in  Fig.  3. 
Although  daily  readings  were  taken,  the  data  are  summarized  as  the  mean 
revolution.^  |>er  24  hours  for  each  week.  The  weekly  24-hour  mean  for  each 
group  is  based  on  7n  observations,  where  n  is  the  number  of  animals  in  the 
group  observed  seven  times  per  week.  The  value  for  the  third  week  in  the 
72  day  group  is  influenced  by  the  fact  that  these  animals  were  confined 
within  plastic  boxes  on  Monday  of  that  week  for  sham  irradiation  since 
this  group  served  as  a  control  for  an  irradiation  series. 

It  is  apparent  that  the  activity  level  of  rats  is  influenced  by  age  as  well 
as  experience  in  the  wheel.  At  any  given  time,  the  younger  the  initial  age 
of  the  group,  the  greater  is  the  activity.  The  activity  time  curves  are  not 
parallel,  with  the  exception  of  the  two  older  groups,  indicating  that  there  is 
an  interaction  between  age  and  experience  which  has  less  effect  as  the 
animal  grows  older.  Details  of  the  age-experience- activity  relations'iips 
have  been  published  elsewhere  (2). 

The  consistency  of  the  wheel  cage  method  in  measuring  volitional 
activity  was  determined  by  correlation  coefficients  summarized  in  Table  3. 
The  correlation  coefficients  indicate  that  the  method  is  considered  to  be 
reliable.  The  degree  of  variability  also  appears  to  be  a  function  of  age  and 
experience  in  the  wheel. 

Extension  of  volitional  activity  studic*s  to  species  other  than  the  rat 
has  been  attempted.  The  existing  apparatus  proved  to  be  unsatisfactory  for 
the  guinea  pig  since  this  species  does  not  utilize  the  wheel.  The  adult 
male  hamster  is  eminently  suited  for  wheel  activity  performance.  Whereas 
the  72-day  old  rat  will  run  0.3-0.5  miles  per  24  hours  the  hamster  will 
run  10  to  15  miles  per  24  hours.  The  general  trend  of  hamster  activity  with 
time  in  the  wheel  appears  to  be  a  continuous  decline  in  volitional  activity. 
Mean  daily  values  are  in  the  order  of  17.000  revolutions  during  the  first  24 
hours  in  the  wheel.  Activity  decreases  rapidly  during  the  first  week,  then 
more  gradually  during  subsequent  weeks  to  approximately  7,000  revolutions 
after  4  to  6  weeks.  Some  comparative  aspects  of  volitional  activity  of  rat  and 
hamster,  with  increasing  experience  in  the  wheel,  are  tabulated  below  for 
typical  patterns: 


Volitional  Activity 


( Revolution/Day) 

Rat 

Hamster 

Day  1 

100 

17,000 

7 

500 

11,000 

25 

700 

9,000 

42 

500 

7,000 

Time  of  Maximum  Activity: 

3-4  weeks 

Day  1 

Diffuse  activity:  A  variety  of  instruments  has  been  used  to  measure 
the  diffuse  activity  of  animals.  These  include  tambour  and  spring-suspended 
cages  or  chambers  equipped  with  photocel -activated  counters,  electrical  grid 
contact  counters,  kymographic  recorders,  radio  signal  detectors,  and  elec- 
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tronic  integrator  units.  Ix>ng*term  measurements  of  activity  require  a  cage¬ 
recording  system  which  would  (1)  be  reasonably  sensitive  yet  stable  enough 
for  long-term  usage.  (2)  require  minimum  maintenance  with  respect  to 
mechanical  adjustments  and  food  and  water  replenishment  in  order  to  avoid 
undue  disturbances  to  the  animal,  and  (3)  provide  information  concerning 
activity  in  an  integrated,  readily  uiable  form  in  order  to  facilitate  data 
analysis.  In  addition,  a  method  of  calibration  appears  essential  in  order  to 
determine  the  stability  of  the  unit  with  prolonged  use.  Unfortunately, 
most  instruments  described  in  the  literature  failed  adequately  to  meet  these 
criteria.  A  mechanical  apparatus  for  the  measurement  of  diffuse  activity 
of  small  animals  was  developed  consisting  of  a  spring-suspended,  stabilized 
cage  and  an  integrator,  made  of  clock  parts,  which  yields  a  cumulative 
numerical  index  of  the  animal's  activity  (Fig. 2).  The  cage  is  triangular  in 
shape  and  made  of  aluminum  with  a  wire  mesh  bottom.  Each  cage  is  sus¬ 
pended  by  a  coil  spring  and  stabilized  with  two  flat  springs  along  one  side. 
The  r€»cording  mechanism  is  activated  by  downward  excursions  of  the  cage 
and  the  values  recorded  in  terms  of  dial  units.  Details  of  it  fabrication  and 
calibration  are  published  elsewhere  (1).  The  apparatus  has  bei*n  found  to 
be  stable  in  its  rest)onse  despite  marked  changes  in  load  mass  and  location 
of  mass  within  the  cage.  Rank  order  correlations  of  24 -hour  activity  values 
of  rats  have  demonstrated  the  units  to  be  reliable  for  the  test  over  a  ten- 
week  period  of  continuous  use.  Forty-five  of  these  units  are  located  in  a 
continuously  illuminated,  sound-damptd  room  equipped  with  an  air  exchange 
system  and  thermostatically  controlled  heating  system. 

Diffuse  activity  performance  has  been  studied  in  male  hamsters,  rats, 
and  guinea  pigs.  Prior  to  entrance  into  the  activity  cagt»8  the  animals  are 
maintained  on  appropriate  diets  under  conditions  of  continuous  light  for 
several  weeks.  Records  of  activity  are  obtained  daily  while  food  is  supplied 
and  refuse  papers  changed  at  weekly  intervals.  Water  is  supplied  ad  lib  by 
means  of  an  automatic  watering  system. 

It  should  be  recognized  that  the  reading  obtained  in  diffuse  activity 
measurements  is  the  integrated  value  for  downward  displacement  of  the  cage 
per  24-hour  interval  and  is  not  simply  the  number  of  excursions.  Because  of 
their  body  weight,  guinea  pigs  will  exhibit  very  high  scores,  whereas  ham¬ 
sters  will  have  low  scores.  Evaluation  of  activity  performance  is  normally 
restricted  to  comparisons  within  a  species. 

The  diffuse  activity  pattern  has  been  found  to  be  characteristic  of  a 
given  species.  Over  45  consecutive  days  of  measurement,  the  diffuse  activity 
of  rats  increased  rapidly  from  an  initial  value  of  approximately  1600  units/ 
24  hours  to  a  level  of  2(XX)-2700  units/24  hours  by  the  second  week  and 
remained  at  that  level.  The  activity  of  hamsters  began  at  250  units/24  hours 
and  fluctuated  between  350-450  units/24  hours  after  the  second  week. 
Activity  of  the  guinea  pig  increased  from  an  initial  level  of  2000  units/24 
hours  to  approximately  5(X)0  by  the  end  of  the  second  week.  Activity  in  this 
species  ap|)eared  to  level  off  between  7(X)0-80(X)  UfiiU/24  hours. 

It  is  readily  apparent  that  the  pattern  of  activity  performance  obtained 
is  highly  dependent  upon  the  test  apparatus  employed  and  presumably 
reflects  somewhat  different  parameters  of  function.  The  diffuse  activity  of 
rats  remains  relatively  constant  with  time,  while  volitional  activity  for  the 
same  age  increases  for  approximately  three  weeks  and  then  progressively 
decreases  with  time  in  the  wheel.  Volitional  activity  performance  has  both 
experience  and  age  components,  while  there  is  no  experience  effect  obeerv- 
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able  with  diffuse  activity  after  the  first  few  weeks.  Wheel  cages  of  the  di¬ 
mensions  described  proved  to  be  unsatisfactory  for  volitional  activity 
measurements  of  guinea  pigs  because  this  species  did  not  make  use  of  the 
wheel.  However,  diffuse  activity  scores  could  be  obtained  routinely.  The 
volitional  activity  performance  of  hamsters  was  remarkably  high  initially 
and  declined  with  age  and  time  in  the  wheel,  whereas  the  diffuse  activity 
pattern  of  hamsters  remained  relatively  constant  with  time. 

In  summary,  we  have  describey)  some  techniques  which  have  been  useful 
in  providing  direct  measurements  of  performance  in  rodents.  It  is  possible  to 
evaluate  directly  the  effect  of  an  experimental  treatment  uix>n  the  perform¬ 
ance  of  an  enforced,  intensive  exercise  as  well  as  u(X)n  voluntary  and  diffuse 
physical  i  ctivity  performance.  Data  concerning  the  performance  of  normal 
subjects  were  described  for  each  test  situation.  It  is  difficult  to  establish 
reliable  criteria  of  exhaustion  for  rats  in  treadmill  exercise  situations  even 
though  the  animals  are  highly  conditione<l  by  shock  avoidance  to  run  on 
the  treadmill.  The  use  of  the  treadmill  can  presumably  lead  to  an  expression 
of  fitne.ss  for  rodents  by  edtahlishing  the  effect  of  an  experimental  treatment 
upon  functional  resiMinsc^s  to  a  specified  treadmill  task. 


TABLE  1. 

BASE  TIMES  AND  WEEKLY  PERFORMANCE  IN  PERCENT  OF 
BASE  TIME.  IN  MINUTES.  FOR  ANIMALS  EXERCISED  DAILY 
FIVE  TIMES  PER  WEEK  FOR  FOUR  WEEKS  OR  MORE  EACH 
GROUP  CONSTITUTES  THE  CONTROL  ANIMALS  FROM  EXPERI¬ 
MENTS  MADE  0\T:R  a  12-month  PERIOD. 


Exercised 

Exercised 

Exercised 

Exercised 

Group  A 

Group  B 

Group  C 

Group  D 

No.  of  Animals: 

19 

7 

25 

33 

Mean  Rase  Time. 

Min.. 

S.D  ; 

16:t  3 

20  3 

19  rt  2 

16  :i:  3 

Weekly 

mean  performance  in 

percent  of  base  time  (mean  for  5  trials  of  2nd 

week) 

.1 

a 

1 

96 

83 

91 

79 

2 

100 

100 

100 

100 

0) 

M 

3 

4 

95 

96 

97 

106 

99 

111 

105 

110 

^  c 

p 

5 

100 

114 

117 

o  S 

1  1 

5 

6 

107 

104 

121 

7 

109 

115 

119 

8 

9 

107 

104 

118 

111 

119 

10 

107 

115 

K 

11 

114 

116 

106 
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TABLE  S 


COEFFICIENTS  OF  RANK  ORDER  CORRELATION  FOR  VOLI¬ 
TIONAL  ACTIVITY  MEASURED  ON  SUCCESSIVE  MONDAYS  IN 
NORMAL  MALE  RATS  OF  DIFFERENT  AGES. 


Age 

Group, 

Days 

No.  of 
Animals 

Consecutive  Mo 

ndays  Compared 

1-2 

2  3 

3-4 

4-5 

5-6 

6-7 

51 

72 

25 

B 

0.69 

15 

0.72 

0.43 

0.62 

0.85 

0.92 

0.80 

100 

15 

0.70 

0.69 

0.76 

0.79 

0.83 

142 

17 

0.18 

0.61 

0.78 

0.86 

0.88 

G.81 

212 

17 

0.39 

0.90 

0.95 

0.89 

0.94 

108 


Fig.  1.  Thirty-unit  motor-driven  continuous  belt  treadmill  used  with 
electric-shock  conditioned  rats.  Tails  are  taped  to  a  wire  overhead  to  prevent 
trauma.  The  treadmill  can  be  tilted  to  a  specified  angle. 
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Fig,  2.  Total  (diffuse)  activity  and  volitional  activity  apparatus  used 
to  measure  physical  activity  performance  in  small  animals. 
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Fig.  3.  Volitional  activity  curves  for  normal  male  rata  of  different  ages 
observed  for  seven  weeks.  (Asterisk  indicates  that  this  group  was  sham- 
irradiated  on  Monday  of  the  third  week  as  a  control  for  an  irradiation 
eiperiment.)  From  Am.  J.  Physiol.,  172,  109  (1953)  (2). 
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WORK  TE8T8  IN  ANIMAL  STUDIES 

BRUNO  BALKE* 

Department  of  Phy Biology- Biophy$ic§ 

School  of  Aviation  Medicine,  VSAF 
Randolph  Air  Force  Base,  Texaa 

The  same  Work  Capacity  Test  on  the  treadmill  as  described  earlier  in 
man  was  employed  in  animal  studies.  Work  capacity  of  dogs  was  determined 
before  and  after  lung  resection  and  before,  during,  and  after  acclimatization 
to  low  barometric  pri^ssure.  The  animals  were  trained  for  running  on  the 
treadmill  and  had  a  surgical  o|)eration  for  the  construction  of  a  Van  Leer- 
sum  carotid  loop.  A  special  device,  fitted  around  tliis  loop,  permitted  the 
measuring  of  pulse  rate  and  blood  pressure  as  in  the  human  experiments. 
For  measuring  the  respiratory  gas  exchange,  the  dogs  were  fitted  with 
s{HH:ial  rubber  musks. 

The  ex|)erimentji  revealed  that  the  test  criteria  used  in  the  human  ex¬ 
periments  were  likewise  reliable  indicators  of  the  work  capacity  of  dogs. 
Variations  observed  in  the  test  results  and  in  the  cardiovascular-respiratory 
rc^fxinse  pattern  reflected  the  experimental  conditions  as  tests  were  per- 
formwl  (a)  cm  ambient  air  or  in  acute  hyt)oxia  before  and  after  altitude 
acclimatization,  and  (h)  shortly  or  at  some  later  date  after  lung  resection, 
with  and  without  physical  training  during  the  phase  of  recu|)eration. 

Although  the  human  subject  is  preferable  to  animals  in  work  capacity 
studies  bcKuiuso  of  many  methodical  and  technical  advantages,  some  gaps 
in  our  knowledge  have  to  be  closed  by  animal  experimentation.  In  our  studies 
on  altitude-acclimatized  man  and  dog  the  circulatory- respiratory  adaptations 
to  the  gradually  increased  work  were  similar.  The  studies  on  the  effect  of 
physical  training  u|x)n  the  recovery  of  lobectomized  dogs  certainly  suggested 
the  desirability  of  a  similar  rehabilitation  therapy  in  man.  The  effects  of 
vigorous  training  on  capillary  growth,  glycogen  storage,  etc.,  can  only  be 
explored  through  studies  on  animals.  Eventual  studies  on  man  have  to  be 
preceded  by  animal  experimentation  as.  for  instance,  in  hy|X)thermia.  If  the 
problems  to  be  investigated  are  properly  selected,  the  results  gained  from 
such  animal  work  should  correlate  well  with  work  on  man. 


•Present  C’ivil  ,‘\eronaiuir»  Inilitute,  Oklahoma  City.  OKLihotna 
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STANDARD  WORK  TESTS  IN  MAN: 

Some  Illustrative  Results 

K.  R.  BUSKIRK* 

Environmental  Protection  Research  Division 
Quartermaster  Research  and  Engineering  Center 
Quartermaster  Research  and  Engineering  Command,  V.  S.  Army 

Natick.  Mass. 


Harvard  Fitness  Test  (Treadmill  V'ersion).  The  results  of  the  tests  to 
be  discussed  here  were  obtained  on  groups  of  10  to  15  men  during  the  course 
of  a  sptvific  stress  situation  such  as  dehydration  and  scmi  starv'ation.  In 
must  instances,  the  ex|)erimental  regimen  was  in  effect  for  more  than  one 
week,  and  periodic  t<»sting  was  carried  out.  When  an  assessment  of  deteriora¬ 
tion  in  ability  to  perform  physical  work  is  made  in  this  type  of  experiment, 
the  investigator-equipment  time  complex  becomes  rather  importEint.  This 
complex  im|>oses  limits  on  the  information-gathering  |>otential  during  the 
course  of  the  exi>eriment  if  either  equipment  or  numbers  of  investigative 
l>ersonnel  are  limited.  Thus,  simple,  rapid  determinations  are  frequently 
thosi‘  of  choice.  If  four  men  must  walk  on  the  treadmill  at  one  time  and 
several  groups  of  four  must  be  measured  in  one  day,  it  would  be  difficult 
to  monitor  pulse  rate,  ventilation  volume,  blood  pressure,  etc.,  continuously 
for  all  men  without  considerable  instrumentation  and/or  a  larg  investiga¬ 
tive  force. 

The  above  is  common  knowledge  to  most  of  us;  however,  we  cannot  lose 
sight  of  the  fact  that  the  over-all  scope  of  the  experiment  frequently  limits 
the  number  and  type  of  work  performance  measurements  that  can  realistic¬ 
ally  be  utilized.  The  preccxling  comments  are  not  made  with  the  view  that 
the  test  battery  we  have  used  is  necessarily  the  best 

The  first  test  to  be  discus-sed  is  the  treadmill  version  of  the  Harvard 
Fitness  Test.  The  working  conditions  are  7  mph,  8.6  percent  grade;  the 
subject  runs  as  long  as  he  thinks  he  can  or  to  a  maximum  of  five  minutes. 
Scoring  of  the  test  is  as  follows: 

Score  '  100  X  Secomls  Run  2  Z  P.  where*  Z  P  thh  sum  of  heart 
Ix’ats  counte<l  from  1.0  to  1.5.  2.0  to  2.5,  and  4.0  to  4.5  minutes  of  rc*covery. 

The  score  is  directly  proportional  to  the  duration  of  running  and  in¬ 
versely  proportional  to  the  recovery  pulse  rate.  Both  work  capacity  and 
motivation  contribute  to  the  final  result. 

The  ex|>erience  of  the  Minnesota  group  with  this  test  is  summarized 
below.  Table  1  shows  the  results  obtained  in  the  24-week  semi -starvation 
study  carried  out  in  1944-45  with  conscientious  objectors  as  subjects.  Note 
that  both  running  time  and  score  were  drastically  reduced  by  24  weeks  of 
diet  restriction,  and  all  men  were  rated  poor.  These  results,  and  the  results 
of  other  tests,  led  the  investigators  to  the  conclusion  that  a  severe  deteriora¬ 
tion  in  work  capacity  had  occurred.  They  were,  no  doubt,  right  in  this 
instance. 

*I'rc%cnt  acidrc«i:  National  Inililule  of  Health,  Brthesda,  .Maryland. 
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If  wp  paM  now  to  the  1953  diet  restriction  experiment  (580  kcal/nuin/ 
day),  in  which  HoldiorM  served  an  .suhi€*cti(.  (fif^iires  la  and  Ih).  we  aee  that 
the  t€*at  score  tends  to  improve  with  time,  and  little  overall  change  in 
running  time  occurred.  At  approximately  day  15  (the  6th  day  of  semi-star¬ 
vation)  a  decrement  in  running  time  and  score  occurred.  Pleaae  keep  these 
observations  in  mind  when  you  look  at  figures  2a  and  2b.  The  running  time 
and  scores  for  the  1954  semi-starvation  experiment  are  shown  in  figures  2a 
and  2b.  Again,  as  in  1953.  we  see  an  over  all  improvement  over  days  in  the 
.score  and  also  an  over  all  improvement  in  running  time. 

TABLE  1. 

F.VALIJATION  OF  PERFORMANCE  USING  THF  TREADMILL 
VERSION  OF  THE  HARVARD  FITNESS  TEST 

Conditions  for  running:  7  mph.  8.6  percent  grade 
(Diet  —  1550  kcal/day) 

Control  Starvation  12  wc*ek8  Starxation  24  W€»ek8 


Time  of  run  in  SiKrtJnds 

242 

106 

50 

Score 

64 

33 

18 

.Score  evaluation: 

Goo<i 

12 

0 

0 

Average 

17 

7 

0 

Poor 

3 

25 

32 

Further,  the  decided  fluctuation.s  in  both  curv'es  should  1m*  noted.  In 
each  instance  of  a  di.stinct  low  or  a  j>eak.  it  was  felt  by  the  investigators 
that  known  psychological  factors  were  influencing  the  running  time  or  score, 
eg.,  the  appearance  of  an  inspection  team  (high  values),  apprehension 
concerning  ability  to  with.stand  the  caloric  restriction  (low  values),  etc.  In 
at  least  one  instance,  results  of  professional  psychiatric  examination  cor- 
resixinded  with  the  results  obtainecl  with  the  Harvard  Fitness  Test.  While 
the  motivational  component  probably  did  not  contribute  to  the  results 
obtained  in  the  24 -week  study,  it  definitely  was  a  factor  in  the  1953  and  1954 
experiments.  These  findings  suggest  that  an  evaluation  of  work  capacity 
from  Harvard  Fitness  results  is  complex,  and  care  must  be  taken  to  mini¬ 
mize  or  to  control  the  motivational  component.  On  the  other  hand,  the  teat 
may  well  serve  as  an  indication  of  "motivational  climate”  during  the  course 
of  an  extended  study  and  contribute  valuable  information  on  this  aspect  of 
work  capacity  that  would  be  hard  to  obtain  in  any  other  way. 

Two  other  observations  are  also  of  some  consequence,  if  the  Harvard 
Fitness  T€»st  is  considered  for  use  during  the  course  of  a  long-term  experi¬ 
ment.  Changes  in  physical  fitness  may  be  induced  by  frequent  performance  of 
the  test  or  other  physical  activities.  Changes  may  also  occur  in  cardiovascular 
function  as  a  direct  result  of  the  stress,  e.g..  bradveardia  with  semi-starva¬ 
tion.  We  have  seen  that  a  combination  of  these  factors  can  lead  to  fallaci¬ 
ously  high  scores,  scores  that  one  would  expect  only  well-trained  athletes 
to  achieve. 

One  further  consideration  deserves  emphasis  in  a  diacu-ssion  of  the 
Harvard  Fitness  Test.  Several  investigators  have  decided  to  avoid  the  diffi- 
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Figure  la.  The  effect  of  580  Cal/day  on  Harvard  Fitness  Test  Scores. 
Control  group  received  calories  ad  lib  and  experimental  group  received 
580  Cal/man/day. 
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Figure  2a.  The  effect  of  1010  Cal/man/day  on  Harvard  Fitness  Test 
Tinwjs. 
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Control  Semi -starvation  Recovery 


culty  of  controlling  or  aHnoiwinK  motivation  and  have  used  the  test  aa  a 
fixt*d  work  task  with  a  stepping  or  running;  time  of  three  minutes.  Most 
individuals  can  |H*rform  the  t«'^t  for  three  minutes,  and  one  is  left  with 
essentially  a  test  of  cardiovascular  function.  8|)ecificaIIy.  recovery  heart  rate. 
This  raises  the  question  —  why  not  use  the  recovery'  heart  information 
per  ge  and  forKet  about  calculating  a  |M»rformance  score? 

InsfMH'tion  of  fif'ure  3  will  reveal  why  this  question  is  asked.  Figure  3 
shows  the  weight  change  and  the  change  in  the  sum  of  the  recovery  pulse 
ratt^  after  running  during  lnecoui*?it»  of  the  1954  semi-siarvation  experiment. 
The  rc'sults  of  two  men  are  shown:  both  men  ran  the  full  five  minutes  each 
day  they  were  i<‘sti*<l.  A  d<»cr€*ase  in  re<*overy  pulse  rate  occurred  during 
the  control  perifni  (foo<i  and  HjO  at/  lib)  and  a  further  over  all  drop  oc- 
currtnl  during  the  caloric  restriction  poriorl  These  decreases  may  well  be 
a.Hsociated  with  fihysical  conditioning  in  the  control  period  and  general 
semi  sfnrN'ation  bradycardia,  together  with  the  reduced  workload  in  the 
restriction  period  The  |K)int  is  that  a  score  calculated  from  this  data  would 
indicate  a  decided  improvement  in  the  control  period  and  a  further  improve¬ 
ment  in  the  restriction  perio<l.  The  further  improvement  in  the  restriction 
periorl  is  ofien  to  question  Thus,  a  plot  of  only  the  Harvard  Fitness  Test 
Si'ore  would  Iv  misleading,  while  a  i)!ot  of  the  r<*covery  pulse  rale  provide.s 
UHt»ful  information. 
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Ma.ximal  Oxygen  Intake.  The  next  test  to  be  prc»sented  is  the  so-called 
"maximal  oxygen  intake"  test.  Actually  the  term  "maximal  oxygen  intake" 
is  misleading,  because  "maximal”  can  only  refer  to  that  value  of  oxygen 
intake  achievcxl  under  the  specified  experimental  conditions.  One  obtains  a 
different  an.swer.  for  example,  if  the  subjenrt  warms  up  prior  to  running  in  a 
cool  environment,  performs  grade  walking  instead  of  grade  running,  per¬ 
forms  arm  work  in  addition  to  running,  etc.  Many  pre-test  regimerw  will 
influence  a  "true”  maximal  oxygen  for  running,  but  these  treatments  can 
be  standardized  and/or  controlled  with  the  proper  ex|)erimental  design. 

The  l)asia  for  the  test  was  the  cla.ssical  work  of  Hill  who  demonstrated 
the  following:  there  is  an  upper  limit  to  the  capacity  of  the  combined 
respiratory  cardiovascular  system  to  transport  oxygen  to  the  working 
muscles;  there  is  a  linear  relationship  between  oxygen  intake  and  workload 
until  the  maximal  oxygen  intake  is  reached;  further  increases  in  workload 
result  in  an  increase  in  oxygen  debt  and  a  shortening  of  the  time  work  can 
be  performed. 

The  test  procedure  consists  of  grade  running  at  7  mph  on  the  treadmill 
for  three  minutes.  A  starting  grade  is  established  from  subjective  evaluation 
of  the  subject's  performance  of  the  Harvard  Fitness  Test  (treadmill  version). 
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Figure  3.  The  effect  in  two  men  of  1010  Cal/man/day  on  morning 
body  weight  (Wt.)  and  sum  of  recover  pulse  rates  ( Z  PR)  after  running. 
Each  man  five  minutes  per  day  at  7  mph,  8.6%  grade. 
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The  Hubjecta  are  askt*d  to  run  each  day  for  a  minimum  of  three  days  and 
occasionally  for  as  many  as  five  days  to  establish  the  grade  that  will  produce 
a  “maximal  oxygen  intake.*’  With  each  successive  run  the  grade  is  increased 
hy  2  r»  [)ercent.  Expirt^d  air  is  colh»ct€*d  l)etween  1  min.  45  sec.  to  2  min. 
45  scH*.  of  each  run.  and  the  oxygen  con.Humi)tion  is  calculated. 

Although  recent  technological  advances  (respiratory  flowmeters.  Or  and 
COi  analyzers,  etc.)  would  j)ermit  continuous  measurement  of  oxygen 
consumi)tion.  an  advantage  if  a  picture  of  the  dynamic  shift  in  oxygen 
consumption  is  desired,  the  fixed- interval  sampling  procedure  has  proven 
adequate  for  our  purposes.  Both  Robinson’s  and  our  information  indicate 
that  the  sample  of  expireni  air  taken  bedween  r45’’  to  2’45’’  represents  the 
plateau  of  oxygen  intake  usually  achieved  after  I’SO’’  of  running.  (See 
Figure  4.) 

Figure  5  shows  the  results  of  this  procedure  in  four  separate  subjects. 
In  each  in.stance,  a  break  in  the  oxvgen  exmsumption  curve  is  apparent. 
This  point  is  termcHl  the  level  of  maxima!  oxygen  intake.  In  practice  the 
following  criterion  was  used  to  recxignize  the  maximal  oxygen  intake:  If  two 
con.secutive  measu  remen  Is  separated  by  a  grade  of  2.5  percent  differed  by 
less  than  150  cc^min  or  2.1  cc/kg/min.  a  “maximal  oxygen  intake’’  was  said 
to  have  been  reached. 

The  test  has  worked  well  in  practice  since  it  is  relatively  easy  to  ad¬ 
minister.  is  independent  of  motivation,  rc'cjuires  little  in  the  way  of  expensive 
specialized  lafxiratory  equipment,  and  is  amenable  to  long-term  studies 
where  the  test  subjects  reside  in  the  laboratory  for  several  weeks  at  a  time. 
Most  men  can  run  7  mph  for  three  minutes  and  the  average  subject  can 
adjust  to  changes  in  grade  more  readily  than  changes  in  speed. 

Table  2  is  pr*'=ented  to  suptxirt  the  view  that  the  maximal  oxygen 
intake  is  reasonably  .sensitive  to  changes  induced  by  a  number  of  stress 
situations.  We  see  that  substantial  decrea.ses  were  observed  with  bed  rest, 
malaria,  and  extender!  semi  starvation,  while  more  moderate  decreases  were 
observed  with  a  short  period  o(  acute  starvation  and  a  12-day  period  on 
minimum  calories.  Acute  dehydration  also  produced  a  decrement  in  the 
maximal  oxygen  intake  (Table  3). 

TABLE  2. 

EFFECrr  OF  VARIOUS  BIOLOGICAL  STRESSES  ON 
THE  MAXIMAL  OXYGEN  INTAKE 


Duration  1/min 


Condition 

Observed 

of  Stress 
(Days) 

Control 

Post 

Stress 

Decrease 

Percent 

Decrease 

Bed  Rest 

21 

3.85 

3.18 

0.67 

17.4 

Malaria 

10 

3.69 

2.95 

0.75 

20.1 

Acute  Starvation 

4.5 

3.45 

3.19 

0.26 

7.5 

Minimum  Calories*  12 

3.46 

3.32 

0.14 

4.1 

Semi- Starvation  ••  180 

3.11 

1.95 

1.16 

37.3 

♦580  kcal/day 
••1(500  kcal/day 
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Figure  4.  Acceleration  of  oxygen  intake  during  running. 
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TIME  OF  RUN  IN  MINUTES  AT  7  MILES  PER  HOUR 
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Figure  5.  Change  in  oxygen  consumption  with  change  in  treadmill 
grade.  Treadmill  speed  —  7  mph. 
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TREADMILL  GRADE  IN  PER  CENT 


An  indication  of  the  RcnHitivity  to  change  in  the  opposite  direction  is 
given  by  physical  mnditioning.  Table  3  shows  the  evaluation  in  maximal 
oxygen  intake  that  occurred  in  ten  men  who  were  conditioned  for  cross¬ 
country  running.  The  increase  in  this  instance  is  of  the  order  of  10  per¬ 
cent,  However,  larger  increases  with  training  have  been  reported  by  others. 

With  respect  to  reliability  of  measurement,  the  coefficient  of  reliability 
was  found  to  lx*  0  95  in  fiO  test-r<*t<*st  determinations.  In  addition,  test 
results  have  been  shown  to  remain  very  stable  over  a  period  of  one  year 
in  men  whose  physical  activity  was  relatively  constant  over  this  period  of 
time.  Thus,  one  can  depend  on  a  rea.sonahly  “fixed”  baseline  in  longitudinal 
stress  studies  covering  periods  of  wiH*ks  or  months. 

In  summary,  our  conclusion,  after  considerable  experience  with  this 
test,  is  that  useful  information  with  respect  to  canliovascular-respiratory 
function  in  severe  work  is  obtainable  by  careful  application  of  the  maximal 
oxygen  intake  tesi. 


TABLE  3. 

CHANGE  IN  MAXIMAL  OXYGEN  INTAKE  WITH  DEHYDRATION. 
PHYSICAL  CONDITIONING  AND  THE  COMBINATION  OF 


.ACCLIMATIZATION 

TO 

HEAT 

AND  PHYSICAL  CONDITIONING 

z\  zx 

Group 

Man 

(D, .  N 

,)  (D,-M,) 

(N,  -  N,  ) 

(D,  D,) 

Conditioned  ^C) 

Ca 

0 

—0.09 

-0.09 

0 

n  5 

Che 

—0.15 

—0.25 

4-0.07 

4^0.08 

Mu 

—0.10 

‘—0.28 

-^0.02 

—0.16 

Per 

—0.07 

—0.06 

4-0.53 

^0.43 

Da 

—0.14 

—0.24 

4-0.39 

4-0.29 

x 

—0  09 

—0.18 

^0.19 

Acclimatized 

Wi 

—0.32 

—0.34 

4-0.70 

4-0.68 

and 

Cha 

—0.21 

—0.25 

-f0  34 

+  0.30 

Conditioned  (AC) 

Gr 

—0.55 

—0.22 

4-0.06 

+  0.39 

n  —  5 

Co 

—0.45 

—0.29 

4-0.27 

-0.43 

Me 

—0.18 

—0.16 

4-0.15 

+  0.17 

X 

—0.34 

—0.25 

4-0.31 

+  0.39 

Sedentary  (S) 

Bu 

—0.06 

—0.12 

n  -  3 

Ke 

—0.16 

—0.18 

Pea 

—0.30 

—0.32 

X 

—0.17 

—0.21 

i  (n  -  13) 

—0.21 

—0.22 

4-0.27 

+  0.26 

(AC&C) 

(AC&C) 

y 

N,  and  :  Max.  O,  when  normally  hydrated;  measured  the  day 
before  D,  and  Dj,  respectively. 

D,  and  Dj :  Max.  O^  at  Ist  and  2nd  dehydrations,  respectively. 
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Fixed  Work  Ixmd.  One  of  the  most  frequently  used  work  tests  involves 
fixed  low  level  work,  commonly  called  "aerobic”  work,  (walking,  e.g.  3.5  mph, 
10  i)ercent  grade).  It  is  well  known  that  continuous  work  regarded  as 
moderate  by  the  "normal”  individual  can  easily  become  severe  to  the 
"stresstd"  individual.  Numerous  examples  can  be  cited,  but  the  most  com¬ 
mon  |>erhaps  is  work  in  the  heat  (acclimatized  vs.  non  acclimatized  state). 

The  chang€?s  over  days  in  the  heat  in  work  pulse,  rectal  temperature, 
and  sweat  rate  (commonly  used  parameters  for  evaluating  work  perform¬ 
ance)  are  shown  in  Figure  6  In  general,  work  pulse  rate  decreases,  rectal 
temperature  df?creases  and  sweat  rate  increases  with  days  in  the  heat.  If 
a  work  pulse  rate  of  180  is  taken  as  an  index  of  "work  capacity”  one  can 
see  that  walking  3  5  mph.  (10  iH*rcent  grade  for  30  minutes  in  90®F.  Dry 
Bulb.  80“  F.  Wet  Bulb)  apparently  is  the  "work  capacity”  level  for  the  first 
two  days  in  the  heat.  Thereafter,  the  work  plus  environmental  stress  no 
longer  summates  to  a  work  capacity  level,  and  the  work  pulse  falls. 

Another  example  of  the  use  of  a  fixed  low  level  work  task  may  be  cited. 
Rec'^ntly  we  acutely  dehydrated  13  men  overnight  in  the  heat  (115“F.  Dry 
Bulb  and  80* F.  Wet  Bulb).  After  they  were  dehydrated  to  a  5  percent  body 
weight  loss  they  were  i>ermited  to  rest  for  thre^  to  six  hours  until  they  were 
no  longer  hy|)erthermic  (elevated  rectal  tem|H*rature) .  After  the  rest,  they 
were  asked  to  walk  on  the  treadmill  at  3.5  mph.  10  percent  grade  in  a  78“  F. 
Dry  Bulb  environment.  Figures  7  and  8  show  pulse  rate  and  rectal  tempera¬ 
tures.  respectively,  during  the  walk  and  recovery  when  the  men  were  de¬ 
hydrated  (D,  and  D^)  and  al.so  when  they  were  normally  hydrated  (N). 
Both  mean  pulse  rate  and  rectal  temperature  were  significantly  elevated 
after  dehydration.  Again  the  mean  pulse  rate  was  elevated  to  values  clo»s  to 
the  value  of  180  cited  by  Dr.  Balke  as  a  pulse  rate  closely  identified  with 
the  limit  of  physical  work  capacity. 

A  note  of  caution  should  be  injected,  however;  it  is  common  to  make 
the  a.ssumption  that  factors  which  produce  a  high  work  pulse  are  accom¬ 
panied  by  poor  cardiovascular  ijerformance.  With  the  mild  dehydration  and 
acidosis  accompanying  semi-starvation  no  change  or  even  a  decrease  in 
walking  pulse  rate  occurr€?d.  (In  contrast,  this  was  accompanied  by  a  large 
loss  in  maximal  oxygen  intake.)  The  bradycardia  associated  with  semi¬ 
starvation  completely  changed  the  cardiovascular  picture  as  represented 
solely  by  heart  rate. 
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Fifiurc*  6.  The  effect  of  heat  acclimatization  on  pulse  rate,  sweat  rate 
(SR)  and  rectal  temperature  (Tr)durinR  walking.  Note  that  working 
conditions  varied  between  w€»ek«*  I  and  II. 
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FiRurc*  7.  I*ulse  rate  during  work  and  recovery  in  men  who  were  norm¬ 
ally  hydrated  (N)  and  dehydrated  (D,  and  Dj).  Three  groups  of  5  men  each 
were  observed:  Group  C  —  physically  conditioned.  Group  AC  —  acclima¬ 
tized  to  heat  and  physically  conditioned.  Gn)up  S  —  sedentary. 
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Figure  8.  Rectal  temperature  (Tr)  during  work  and  recovery  in  men 
who  were  normally  hydrate<i  (N)  and  dehydrated  (D,  and  D^).  Three 
groups  of  5  men  each  were  observt*d:  Group  C  —  physically  conditioned. 
Group  AC  —  acclimatized  to  heat  and  physically  conditioned,  Group  S  — 
sedentary. 


This  discussion  of  three  different  work  testa  should  not  be  regarded 
as  a  complete  treatment  of  these  tests.  Each  of  the  tests  has  certain  ap¬ 
plicability  in  the  assessment  of  physical  work  performance  and/or  capacity, 
but  ad  !ib  jiuhntitution  of  one  test  for  another  cannot  legitimately  be  nmde. 
Rather  than  depending  on  one  ‘‘b«?at'*  test  it  would  seem  wise  to  depend  on 
the  synthesis  of  information  from  a  test  battery  —  which  might  or  might 
not  include  the  tests  presented.  We  have  routinely  supplemented  the  above 
tests  with:  blood  chemistry  determinations  before,  during,  and  after  aerobic 
and  anaerobic  work  tasks.  psycholn(;icaI  and  motor  performance  tests,  in¬ 
cluding  strength  mea.Hurements  and  tests  of  the  8|KH*d  of  arm  and  leg  move¬ 
ment.  Thus,  the  test  battery  provides  a  picture  of  ‘‘physiological  status”  that 
would  be  exceedingly  hard  to  duplicate  in  any  other  way. 
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SIGNIFICANCE  AND  UMITATIONS  OF 
LABORATORY  STUDIES  ON  FITNESS 

JOSEF  BROZEK* 

Laboratory  of  Physiological  Hygiene 
School  of  Public  Health,  University  of  Minnesota 

The  problem  of  the  limitationii  of  laboratory  studies  is  common  to 
studies  on  performance  capacity  carri(?d  out  in  a  variety  of  contexts.  The 
work  of  the  laboratory  of  Physiological  Hygiene  has  been  concentrated 
in  the  nutritional  area  and  this  is  the  framework  to  which  the  comments  to  be 
made  apply  directly.  An  attempt  will  be  made,  however,  to  consider  the 
topic  in  more  general  terms. 

Research  on  |>erformance  capacity  under  conditions  of  laboratory  study 
has  merits  inherent  in  (1)  the  control  of  environmental  and  motivational 
variables,  (2)  the  possibilities  of  a  systemrtic  examination  of  the  sjjecific 
(eg.,  dietary)  factors,  and  (3)  a  comprehensive  characterization  of  fitness. 
However,  the  limitations  must  also  be  borne  in  mind. 

Methodologically,  applied  research  can  be  no  more  sound  than  the  tools 
provided  by  the  basic  disciplines.  The  unfinished  mapping  of  the  principal 
dimensions  in  the  area  of  psychomotor  i)erformance  results,  necessarily,  in 
hesitations  in  the  selection  of  tests  of  motor  iJcrformance.  While  studies 
on  (his  problem  have  not  Iven  lacking,  the  .‘i«‘arch  for  factors  im|>ortant  in 
the  performance  of  a  wide  variety  of  psychomotor  tasks  is  not  completed. 
In  particular,  the  relationship  and  relative  value  of  factorially  “pure” 
tests  versus  tests  sampling  a  number  of  abilities  at  one  time  requires  further 
study. 

There  is  little  doubt  that  for  purposes  of  selection  of  candidates  for  a 
specified  job  the  “job  analogy”  tests  arc  preferable.  If  classification  rather 
than  selection  is  one's  principal  concern,  the  m^ed  is  intensified  for  measur* 
ing  maximally  independent  motor  abilities  which  may  be  weighted  differenti¬ 
ally  in  predicting  performance  in  a  wide  variety  of  jobs.  In  investigations  of 
performance  deterioration  under  “stress,”  the  problem  is  still  more  complex. 
Th€^se  are.  as  a  rule,  interdisciplinary  studies  in  which  behavior  is  only  one 
of  the  several  facets  of  human  biology  that  are  examined.  The  matters  of 
economy  of  time  and  effort,  both  on  the  part  of  the  investigator  and  the 
subjects  and  of  the  testing  space  become  of  paramount  importance.  Further¬ 
more.  under  stress  (including  nutritional  stresses,  especially  if  they  are 
severe  and  the  “nutritional  status”  is  changing  fairly  rapidly)  the  problem 
of  characterizing  complexly  defined  fitness  at  a  “given  time”  in^es  severe 
problems  in  the  scheduling  of  the  testing  operations. 

Agencies  of  the  Armed  Forces  providing  research  support  on  stress  and 
fitness  are  anxious  to  obtain  information  regarding  anticipated  performance 
capacity  under  various  feeding  situations  in  the  field.  In  evaluating  labora¬ 
tory  studies  it  is  desirable  to  translate  the  observed  resjionsc^s  of  the  human 
organism  into  terms  meaningful  for  military  planning  purix>ses.  Ideally, 
from  the  military  .Htand{>oint.  the  various  morphological,  biochemical,  physio¬ 
logical  measurements  should  be  integratcnl  into  a  single  index  of  “perform¬ 
ance  capacity”  so  that  deviations  from  “good  normal”  performance  capacity 
could  be  expressed  in  simple  terms,  such  as  “percentage  of  normal.”  It  is 
further  considered  desirable  to  determine  at  what  percentage  of  this  good 

•Prcicnt  addrrst:  Lehigh  Univertity,  Bethlehem,  IVnna. 
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normal  |)erformanco  the  HucceHM  of  military  o|)eration8  would  be  iterioualy 
endangered. 

It  should  be  recognized  that  at  the  present  stage  of  our  knowledge 
these  requirements  can  not  be  met  rigorously.  In  a  larger  sense,  the  desider¬ 
ata  oversimplify  the  problem  beyond  realistic  limits.  The  multiplicity  of 
o|)erations  involved  in  modern  warfare  is  the  first  stumbling  block.  A  mean¬ 
ingful  integration  of  biochemical  and  physiological  measurements  can  be 
undertaken  only  if  a  particular  type  of  performance  is  chosen,  such  as 
walking  or  running.  lOven  then  there  is  no  information  that  would  enable 
one  to  translate  a  rise  in  work-pulse  from  129  beats  per  minute  to  151  beats 
per  minute  after  one  hour’s  walk  on  a  treadmiii.  ohserv^ed  after  four  days 
of  acute  starvation  with  hard  work,  into  a  decrement  in  the  soldier’s  ability 
to  march  in  a  s()ecified  terrain  (4).  If  in  physiological  investigations  on 
stress  this  simply  cannot  be  done  because  of  the  lack  of  the  required  valida¬ 
tion,  how  much  more  difficult  is  the  practical  interpretation  of  a  statistically 
significant  deterioration  in  the  test  of  eye-hand  coordination  and  the  in¬ 
crement  in  lx)dy  sway  (1). 

It  may  not  be  out  of  place  to  r>oint  out  that  in  the  acute  starvation 
experiment  just  referred  to  there  was  no  significant  decrement  in  grip 
strength  while  large  io.sses  in  strength  were  noted  in  prolonged  caloric 
restriction.  .\  marked  deterioration  in  c<H)rdinata)n,  but  no  significard 
changes  in  strength  (2)  were  noted  in  young  men  maintained  on  diets 
practically  free  of  vitamins  of  the  B  complex.  Thus,  dietary  deficiencies 
n*sult  in  different  patterns  of  functional  deterioration,  and  the  changes 
in  fitness  cannot  be  graded  along  a  single  continuum.  Deficiency  of  vitamin 
.\.  resulting  in  the  <leteri<irati«»n  in  the  capacity  for  dark  adaptation  in  the 
absence  of  biochemical  signs  of  deficiency  other  than  low  levels  of  vitamin 
.•\  in  the  plasma,  may  lx*  nottnl  as  the  extreme  cas4*  of  spiKaficity  of  the 
effects  of  nutritional  stre^sses.  While  this  symptom  would  be  of  very  high 
practical  im|>ortance.  re.sulting  in  a  significantly  imiHiiriKl  capacity  for  any 
night  oi>erations.  its  presence  could  not  be  detected  by  methods  valid  for 
evaluating  capacity  for  physical  work  (locomotion),  nor  could  the  scores 
Ik*  simf)ly  “suhtractisl”  from  a  hyinithetical  general  fitness  score.  “Fitness” 
is  and  must  remain  a  multi-dimensional  concept 

What  can  Ik-  <lone  legitimately  with  the  data  that  arc  available  is 
to  compare  different  nutritional  and  environmental  conditions  in  terms 
of  their  impact  on  different  facets  of  fitness  (3).  Thus  strength,  measured 
by  grip  dynamometers,  showed  a  very  marked  decrement  in  prolonged 
semi-starvation  while  acute  starvation  for  five  days,  maintenance  on  580 
calories  i>er  day  for  12  days,  and  subsistence  on  the  daily  intake  of  1010 
calories  for  24  days  were  not  associated  with  a  statistically  significant  or 
biologically  important  deterioration  in  strength. 

There  is  another  set  of  limitations,  affecting  the  generalization  and 
practical  interpretation  of  the  results,  inherent  in  the  conditions  of  the 
experiments.  The  "conditions”  include,  logically,  also  the  subjects.  For 
our  work  on  survival  rations  the  .subji‘ct.s  were  selected  among  Army  volun¬ 
teers  on  the  basis  of  rigorous  health  examination,  evaluation  of  the  officers  in 
charge,  and  personal  interviews  with  the  applicant.  The  character  of  the 
studies,  demanding  a  full  cooperation  on  the  part  of  the  subjects,  was 
made  clear  at  the  outset.  Additional  screening  was  made  in  the  course  of 
physical  conditioning  during  several  weeks  prior  to  the  arrival  of  the 
subjects  in  Minneapolis.  On  one  occasion  a  man  was  returned  to  Fort  Lee 
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when  it  became  apparent  that  hU  motivation  waa  not  up  to  the  standard. 
Thus,  in  laboratory  studies  on  nutrition  and  performance  we  work,  as  a  rule, 
with  subjects  selected  for  their  stamina  and  high  motivation.  The  instruc¬ 
tions  and  the  test  situations  are  structured  so  as  to  maintain  a  high  level 
of  effort  throughout  the  ex|)eriment.  This  is  important,  if  actual  perform¬ 
ance  is  to  be  regarded  as  an  index  of  capacity,  i.e..  of  the  physiological 
status  of  the  organism,  but  the  level  of  top  motivation  is  not  always  achieved 
and  maintained.  However,  the  emphasis  is  legitimately  on  “Let's  see  what 
you  can  do  even  when  the  going  gets  tough."  Under  these  conditions  the 
obserx'ed  deteroriation  in  performance  will  be  minimal  and  not  characteristic 
of  changes  to  be  expected  in  subjects  of  lesser  initial  stamina  or  whose 
morale  is  less  resistant  to  discomfort.  This  point  must  be  taken  into  account 
in  extra|K)lating  the  information  obtained  in  the  laboratory  in  terms  of 
I>erformnnce  in  the  field.  It  is  clear  that  field  testing  b  a  necessary  supple¬ 
ment  and  extension  of  rigorously  controlled  laboratory  investigations. 
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A  FIELD  TEST  OF  HEAT  TOLERANCE* 


FREDERICK  SARGENT.  II 
Department  of  Phytiology.  Univereity  of  Illinois 
Urbana 

For  the  past  five  years  Dr.  R.  E.  Johnson  and  I.  together  with  a  large 
group  of  military  and  civilian  coIlaboratorB,  have  been  studying  the  problem 
of  the  all-pur|x>8e  survival  ration  for  the  U.  S.  Air  Force.  Our  total  experi¬ 
ence  encompasses  8700  man-days  of  observations  on  212  healthy  young 
males  kept  under  strictly  controlle<i  metabolic  conditions  (1.  2.  3.  4). 

The  guiding  philosophy  in  our  investigations  has  been  that  the  man  as 
a  whole  is  the  measure  of  performance  capacity.  An  "index.  ’  no  matter  how 
tantalizing  and  intriguing  it  seems  to  be,  may  be  misleading.  It  is  an  empir¬ 
ical  and  restricted  abstraction.  The  holistic  approach  of  the  clinician  will, 
in  the  long  run.  prove  to  he  the  more  fruitful.  Our  experience  with  normal 
young  men  living  under  conditions  of  simulated  survival  amply  supports  this 
conviction. 

In  the  field  tests  which  we  have  conducted,  we  developed  combined 
procedures  to  measure  simultaneously  the  functional  status  of  several  im¬ 
portant  organs  and  systems.  One  such  procedure  designed  to  evaluate  heat 
tolerance  was  called  the  heat  acclimatization  te§t  so  that  the  subjects  would 
not  become  unduly  alarmed  about  the  prospects  of  participating  in  a  test 
of  endurance  or  tolerance.  Since  a  detailc>d  description  of  this  test  will  be 
published  in  a  forthcoming  Air  Force  Technical  Report  (3).  we  shall  here 
only  summarize  the  protocol  and  later*  *  we  shall  discuss  some  of  the 
observations  and  their  significance. 

Figure  1  is  a  schematic  presentation  of  the  heat  acclimatization  test. 
This  test  was  successfully  conductcnl  20  times  on  100  healthy  young  men. 
The  subjects  were  tested  in  grou|)s  of  25.  They  reported  outside  a  standard 
barracks  in  the  afternoon.  Their  forearms  had  been  previously  shaved.  They 
rinsed  their  forearms  with  distilled  water.  Next  they  went  into  a  latrine  in 
the  barracks  and  urinated,  the  time  being  accurately  noted.  They  stripped 
and  were  weighcni  on  a  platform  scale  sensitive  of  one  ounce  (30  gm).  They 
dressed  in  shorts,  socks,  and  brogans  and  lay  down  in  groups  of  five  on  a 
pentagon  of  beds.  While  on  the  beds  we  measured  rectal  temperature  and 
pulse  rate.  Both  forearms  of  each  8ubjc»ct  were  enclosed  in  obstetrical  length 
rubber  gloves  and  the  skin  temperature  within  the  right  glove  and  on  the 
bare  right  upper  arm  was  measured.  When  these  procedures  were  completed, 
the  men  went  out  onto  a  track  and  a  second  group  of  five  reclined  on  the 
pentagon  beds.  The  several  measurements  consumed  about  four  to  six 
minutes. 

After  the  resting  measurements  had  been  made,  the  men  began  to  march 
around  an  oval  track  which  was  approximately  0.25  miles  in  length.  They 
marched  at  3.75  mph.  Each  lap  was  timed  by  an  observer  so  that  the  pace 
was  constant.  The  men  marched  for  one  hour  or  until  they  could  go  no 
farther.  The  energy  expenditure  was  about  290  Cal/hr,  and  had  been  so 
adjusted  that  a  starving  subject  could  probably  accompliah  the  task.  During 
the  march  observations  were  made  every  30  minutes  of  dry  bulb  tempera- 

•The  work  described  here  wa?  supported  by  USAF  Contrsrt  AF  18  (600)-80. 

**Theie  observations  are  included  in  section  on  “Effect  of  Environmental  Siresses  on  Per¬ 
formance  Capacity.” 
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ture.  wot  bulb  tomperaturo,  wind  volocity.  and  state  of  the  sky.  By  the  end 
of  30  minutes  all  25  men  were  marcbinf;  as  a  platoon  and  each  group  of  five 
was  separated  in  time  by  eight  minutes  (or  two  laps).  Throughout  the  march 
a  medical  officer  was  in  constant  attendance. 

After  the  distance  bad  been  covered,  the  men  reported  immediately  to 
the  (pentagon  of  bc'cls  in  the  original  groups  of  five.  There  we  measured  the 
pul.se  rate,  skin  temperature  on  upper  arm  and  under  glove,  and.  after 
removing  the  gloves,  the  rectal  temperature.  The  subjects  then  stripped  and 
were  weighe<i  They  urinated  again  at  a  known  time  so  that  we  had  a  timed 
urinary  specimen  representing  the  ()eriod  of  marching.  In  another  barracks 
they  rested  one  hour,  after  which  we  collected  a  second  timed  specimen  of 
urine.  The  sweat  from  the  two  glovc»s  was  iHK)Ied.  its  volume  was  measured, 
and  aliquots  were  preserx'ed  for  qualitative  and  quantitative  chemical  study. 

By  means  of  this  test  and  concurrent  clinical  study  of  the  volunteer 
subjects  we  were  able  to  arrive  at  several  .significant  generalizations  regard¬ 
ing  the  effects  of  water  deprivation  and  diet  on  capacity  of  the  potential 
castaway  to  perform  in  moist  heat. 
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Figure  1.  A  Field  Test  of  Heat  Tolerance. 
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DIFFERENTIAL  DIAGNOSIS  IN  FIELD  STUDIES^ 

ROBERT  E  JOHNSON 
Department  of  Phy Biology 
Univereity  of  Illinou,  Vrbana 

L.  J.  Henderaon  had  a  great  deal  of  influence  on  the  thinking  of  many, 
if  not  most,  of  us  here  in  thu  room,  and  I  should  like  to  remind  you  of 
some  of  his  ideas.  His  scientific  contributions  had  a  common  theme,  the 
quantitative  associations  among  many  interrelated  variables,  whether  they 
be  in  acid-base  balance  (1)  or  in  the  ecological  relationship  between 
organism  and  environment  (2).  For  private  consumption  by  us  in  the 
Fatigue  Laboratory  he  might  say.  “There  is  no  such  thing  as  fatigue;  only 
fatigues."  or  "There  is  no  such  thing  as  fitness:  only  fitnesses."  Many  times 
I  have  heard  him  say.  "Often  the  obvious  is  the  most  important."  With  this 
preamble.  I  shall  describe  the  methods  we  have  applied  in  studying  the  very 
important  nutritional  problem  of  survival  rations. 

As  it  has  evolved  in  clinical  medicine,  the  most  characteristic  applica¬ 
tion  of  the  scientific  method  is  the  differential  diagnosis.  The  physician  is 
faced  with  the  intellectual  problem  of  deciding  precisely  what  is  wrong 
with  a  human  being.  The  inductive  process  involves  finding  out  everything 
pertinent  about  the  patient;  the  deductive  process  involves  deciding  what 
disease  process  will  explain  the  findings.  Long  experience  has  proved  that 
effective  diagnosis  must  include  certain  kirnls  of  information,  no  category 
of  which  can  be  neglected  without  imperiling  ultimate  accuracy. 

A.  History 

1.  Present  chief  complaint. 

2.  Family  history,  for  ecological  and  heredity  factors. 

3.  Patient’s  past  illnesses,  which  may  leave  indelible  marks  on  his 
present  status. 

4.  Course  of  present  disease. 

B.  Physical  Examination 

1.  Inspection,  palpation,  percussion,  auscultation  on  an  orderly 
basis  by  systems. 

2.  Examination  by  instrumental  extensions  of  the  physician's 
senses,  e.g.,  the  ophthalmoscope. 

3.  Psychiatric  examination. 

C.  Laboratory  Examination 

1.  Techniques  of  morphology,  e.g.,  hematology. 

2.  Biophysical  techniques,  e.g.,  the  electrocardiogram;  the  X-ray. 

3.  Biochemical  techniques,  e.g.,  measurement  of  concentration  of 
important  constituents  in  blood,  urine,  or  other  body  fluids. 
These  testa  customarily  may  be  qualitative  or  preferably  quan¬ 
titative. 

•The  work  deicribcd  here  wm  lupported  by  USAF  Contract  AF  18  (600) <4)0. 
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4.  Phyiiological  techniques,  e.g..  measurement  of  metabolic  rate; 
assessment  of  renal  function. 

5.  Psychological  and  psychiatric  techniques,  e.f.,  various  tests  of 
emotional  and  intellectual  capacity. 

The  diagnostician  must  think  of  deviations  from  normal  at  various  levels 
of  organization:  sub-cellular,  cellular,  tissue,  organ,  system,  organism  as  a 
whole,  social  group.  He  must  think  simultaneously  of  various  kinds  of 
possible  pathological  processes  whether  from  intrinsic  or  extrinsic  causes: 
congenital,  inflammatory,  degenerative,  neoplastic,  toxic,  metabolic,  nutri¬ 
tional.  traumatic,  or  from  physical  agents  such  as  heat,  cold,  and  radiation. 
He  knows  that  most  of  his  observations  will  be  “negative"  in  the  sense  that 
they  show  no  deviations  from  normal  limits.  He  knows  that  sometimes,  but 
only  rarely,  a  diagnosis  can  be  made  with  some  certainty  from  history  alone 
(e.g..  angina  pectoris),  examination  alone  (e.g..  gout)  or  laboratory  tests 
alone  (e.g..  pulmonary  tuberculosis).  He  interprets  his  laboratory  findings 
with  caution,  and  in  relation  to  all  the  other  facts  he  knows  about  the 
patient  He  is  always  aware  that  changes  in  one  system  may  provoke 
changes  in  others.  Anyone  who  has  suffered  a  severe  bout  of  diarrhea,  for 
instance,  knows  what  a  considerable  effect  a  deranged  gastrointestinal  tract 
may  have  on  general  physical  and  mental  capacities. 

Details  of  the  actual  methods  we  employed  will  be  found  in  three 
technical  reports  to  the  Air  Force  (3.  4.  5).  Here,  I  wish  to  present  certain 
generalities.  Our  application  of  differential  diagnosis  was  aimed  at  following 
possible  deterioration  in  previously  healthy  subjects.  Hence,  we  followed  the 
daily  symptoms  in  detail,  administered  careful  physical  examinations  at 
stated  intervals,  and  carried  out  periodically  a  variety  of  morphologic,  bio¬ 
physical.  biochemical,  physiological,  and  psychiatric  studies.  We  had  to 
determine  the  combined  effects  of  the  independent  variables:  environmental 
temperature;  calorie  intake;  water  intake;  intake  of  various  percentages 
of  protein,  carbohydrate,  and  fat;  and  daily  work  load.  Ultimately 
we  had  to  try  to  arrive  at  an  answer  to  the  question,  is  deterioration  less 
marked  for  one  nutrient  regimen  as  contrasted  with  others?  The  statistical 
approach  to  answering  this  question  had  to  be  different  from  classical  meth¬ 
ods  of  differential  diagnosis.  We  ended  up  with  a  mass  of  quantitative  data 
on  organ  function,  and  a  series  of  positive,  but  non-quantitative.  clinical  find¬ 
ings  on  the  subjects.  Both  kinds  of  information  had  to  receive  due  weight 
in  the  final  decisions,  so  to  speak,  on  the  final  “diagnosis"  of  each  nutrient 
combination. 

The  experimental  nutrient  mixtures  are  described  in  Figure  1.  The 
codes  should  be  noticed,  as  they  appear  in  future  figures.  They  are  based  on 
total  calories,  percentage  of  calories  from  protein,  carbohydrate,  and  fat, 
and  water  intake.  It  would  be  expected,  as  indeed  we  found,  that  different 
manifestations  would  be  caused  by  different  nutrient  mixtures.  In  other 
words,  there  would  not  be  a  jsingle  kind  of  deterioration,  but  many  different 
kinds.  For  example,  dehydration  would  ensue  with  limitation  of  water, 
weakness  with  starvation. 

It  was  to  be  expected  that  some  of  our  observations  would  be  positive  in 
the  sense  of  discrimination  between  regimens.  Figure  2  shows  these  positive 
measurements  for  the  winter  study.  They  were  mostly  related  to  organ 
function  or  nutrient  balance  and  a  good  argument  can  ge  made  for  each  as 
being  a  valid  consideration  in  differential  diagnosis.  It  was  also  to  be  ex¬ 
pected  that  many  observations  would  be  non-contributory,  in  the  sense  that 
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they  did  not  change  in  two  weeks  of  undemutriiion.  Figure  3  lists  some  of 
these  non-contributory  observations  in  the  winter  study. 

Statistically,  the  way  we  handled  these  quantitative  data  was  to  take 
those  17  which  were  contributory,  and  to  assign  to  each  of  the  21  regimens  a 
number  from  1  (best)  to  21  (worst).  These  numbers  were  then  segregated 
into  four  quartiles  of  rank  order  for  each  regimen,  with  results  for  the 
hard  work  groups,  winter  study,  as  shown  in  Figure  4.  Particular  attention 
should  be  paid  to  the  first  quartile  (best  attributes)  and  fourth  quartile 
(worst  attributes).  When  a  particular  regimen  ends  up  with  a  lot  of  bad 
scores,  down  around  17  or  18.  there  are  some  things  seriously  wrong  with  it. 
Starvation  has  very  few  points  in  the  first  quartile.  many  in  the  fourth; 
3000  calories  of  a  normal  diet  is  the  reverse.  Addition  of  calories  improves 
the  position  of  any  given  regimen.  Enforced  water  deprivation  decreases 
the  position  of  any  given  regimen. 

This  statistical  approach  has  been  applied  in  temperate,  winter,  and 
summer  studies.  It  permits  the  quantitative  functional  data  to  be  given  due 
censideration.  along  with  the  clinical  findings,  in  the  final  assessment  and 
comparison  of  one  possible  survival  ration  with  another.  Our  general  con* 
elusions  will  be  summarized  later  in  the  proceedings. 
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EXPERIMENTAL  NUTRIENT  MIXTURES 
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Figure  1.  DifTerential  Diagnosis  in  Field  Studies. 
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HEART  RATE  AS  AX  INDEX  OF  PERFORMANCE 
UNDER  FIELD  CONDITIONS 


j.  A  Leblanc 

Dirrctorr.tc  of  Motiicnl  Rosrarch,  Cherniral  Warfare  Laboratories 
Army  Chrmica!  Center.  Maryland 

As  an  appliinl  physiologist  working  in  closo  contact  with  the  Armc?d 
Forces  in  the  Arctic.  I  have*  learntHl  that  the  capacity  for  performance 
of  the  .soldier  is  gn*at!y  affiH'ttKi  hy  the  type  of  clothing,  equipment,  or  diet 
th.c.t  In*  is  given  For  this  reason,  the  ideal  way  of  testing  the  fierformancc 
of  an  it<>ni  which  will  Ik*  uses!  hy  tr«>ops  is  to  asses.s  the  performance  capa¬ 
city  «.f  human  subjects  while  p4*rh)rming  with  tin*  item  ctincerned. 

The  evaluation  of  performance  capacity  under  field  conditions  presenta 
a  nunilxT  of  prohiems.  The  c-onventional  method  of  oxygen  consumption 
measiir<*m«  nt  is  not  only  impractical,  if  not  imjxissible,  under  certain  con¬ 
ditions.  hut  may  at  times  K*  mish*ading  if  ii.sisl  as  the  only  criterion  for 
performance  impairment  (a).  Since  the  heart  rate  is.  on  many  occasions, 
more  inft)rmative  than  other  rm^tluKls  of  ass4‘ssing  performance,  and  easy 
to  us<*  even  un<h*r  fi«‘l(l  conditions,  we  have  df^cided  to  elaborate  the  pro- 
♦aslures  of  Muelh-r  |7»  in  order  to  lx*  able  to  use  this  m«*th«Kl  with  sufficient 
r<diability  under  fndd  conditions.  Ihdori*  r«*p«)rting  a  typical  experiment  on 
th«*  <-v.alu:it ion  of  p«*rformance  uruier  field  conditions.  I  would  like  to  report  a 
f«‘w  preliminary  studiivs  which  wi‘r«*  carriisl  out  prior  to  this  field  test  F'ig- 
ures  1  and  2  are  s«*lf  «*xplanatory  and  clearly  illustrati*  the  fact  that  the  w'ork 
and  tlu'  re4'ov«*ry  pids«*  rat<*s  ar«*  informative  not  only  of  the  int»‘n.sity  but  also 
of  thi‘  duration  of  work  performcxl.  Furthermore,  as  shown  in  figure  1,  if 
the  .sp»‘ed  of  walking  is  varied  from  d.  1  to  4.0  m|)h.  the  heart  rates  rapidly 
level  up  and  (}uit  kly  drop  tf)  pre  exercise  levels  when  the  activity  is  stopped. 
HoweV4T.  alxwe  d  o  mph  the  heart  rate  kix'ps  on  increasing  as  the  exercise 
is  maintaiiuxl  and  the  recov4‘ry  is  progri'.s.sively  slower  as  the  level  and  dura¬ 
tion  of  the  4'X«-rcise  are  •n<'r«*a>«-<  1  'Fhe  inability  of  the  heart  rate  to  remain 
at  a  st«*ady  state,  as  shown  iin  figure.s  1  and  2.  would  .seem  to  indicate  that 
str«*ss  is  <*xperi<*nced  by  the  heart  with  which  the  organism  can  not  ade- 
(juately  cope  Indirect  evidenct-  to  this  effect  is  available  from  the  early 
work  of  Dill  (3)  and  from  more  recent  studies  (4.  G.  7), 

I  would  like  now  to  talk  alx)ut  a  typical  field  study  in  order  to  show 
how  perh)rmanc4*  may  h<*  evaluated  by  the  use  of  heart  rate.  A  few  winters 
ago.  whih*  working  in  the  Arctic.  I  was  askeel  to  participate  in  a  study 
where  two  items  of  equipment  were  to  he  tested.  These  items  were  the  one- 
man  shd,  which  is  designer!  to  carry  73  pounds  and  to  Ix'  operated  by  one 
man.  and  the  two  man  .slerl  which  will  carry  twice  as  much  if  handled  by 
two  men.  We  agrccrl  not  to  interfere  with  the  test  and  to  take  heart  rates 
only  during  n*st  pt*ri<Kls.  Two  groups  of  trained  .soldiers,  wearing  about  25 
pounds  of  arctic  clothing  and  carrying  loads  of  35  pounds  on  their  back, 
were  instructed  to  walk  for  18  miles  while  pulling,  for  group  A.  140  pounds 
with  one  two- man  sled,  and  for  group  B.  the  .same  weight  with  two  one-man 
sleds.  The  route  to  he  followed  was  cross-country  on  a  relatively  hard, 
snow-cove rwi  terrain.  The  heart  rates  were  taken  over  a  period  of  15  seconds 
at  the  beginning  of  each  halt.  The  environmental  conditions  are  summarized 
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in  table  1.  The  test  started  at  8:30  A.M.  If  we  look  at  fii^ures  3  and  4,  we 
see  that  group  A  maintained  its  8|>eed  constant  but  gradually  increased  the 
length  of  the  rest  periods  with  the  result  that  the  heart,  rate  falls  slowly  from 
121  to  113  at  the  end  of  18  miles.  The  subjects  of  this  group  were  not  ob¬ 
jectively  or  subjectively  fatigued  by  this  test.  However,  in  group  B  although 
the  length  of  the  rest  periods  gradually  increases,  the  actual  speed  of 
walking  is  always  higher  than  in  group  A.  at  least  until  mile  16.  It  may  be 
for  this  reason  that  the  heart  rate  is  progressively  increasing  in  group  B. 
The  »|>eed  is  sufficiently  reduced  at  mile  16  and  the  effective  environmental 
temi>erature  (2)  has  changf*d  sufficiently  for  the  body  to  resume  a  neutral 
thermal  state.  It  is  at  this  time  that  the  heart  rate  falls  rapidly  from  133 
to  113.  In  other  words,  the  heat  lost  in  group  B  was  not  sufficiently  large 
to  allow  a  neutral  thermal  state.  When  the  pulse  rate  is  120 ./'min.,  the  heat 
produce<l  is  appn>ximately  350  cal. /hr.  (1).  This  level  of  heat  production  is 
the  maximum  compatible  with  a  thermal  steady  state  since  increase  in  heat 
production  above  350  cal. /hr.  will  incri'ase  deep  body  temperature  and 
sweating  (8).  Group  B  would  seem  to  have  been  in  this  range.  Conse¬ 
quently.  test  has  shown  that  one  group  worked  more  than  the  other  group. 
The  difference  in  speetl  between  the  two  groups  explains  this  difference, 
since  siil>sequent  teats  where  the  s|)eed  was  controlled  have  failed  to  show 
any  differences  between  the  one-  and  two- man  sleds. 

This  experiment  illustrates  the  possiblity  of  assessing  performance 
under  6eld  conditions.  The  method  used  is  simple  and  sufficiently  reliable. 
To  further  illustrate  thi.s  |)oint.  table  2  shows  that  with  two  small  groups  of 
subjects  sufficiently  large  differences  in  heart  rate  can  be  obtained  which 
will  allow  detection  of  s|)eed  of  movement  even  smaller  than  one-half  mph. 
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TABLE  1. 

Variations  in  atmospheric  conditions  on  day  of  the  trial*. 


Time  of  day 

06:30  10:30  12:30 

14:30 

16:30 

Solar  radiation 
gm  cal/cm  /min 

0.05  0.4  0.55 

0.45 

0.1 

Wind,  mph 

11  10  12 

10 

8 

Temp.,  op 

—8—5—6 

—6 

—4 

•  The  two  tables  and  four  figures  of  this  article 
Appl  Phyaioi,  10.  275  (1957). 

are  reproduced  from  J. 

TABLE  2. 

Variations  in  heart 

rate  of  soldiers  walking  with 
speeds. 

snowshoes 

at  different 

Speed,  mph 

0  2.3 

2.85 

3.4 

Group  A  (8)* 

80  ±9**  100  ±  14 

112  2:  16 

128  ±  15 

Group  B  (6) 

78  ±  9  102  ±  7 

114  ±  7 

125  ±  7 

•  Number  of  subjects 
••  Standard  deviation 
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walk  at  different  speeds. 
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Figure  2 
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Percentage  of  exercise  Minutes  after  exercise 

Pulse  rate  during  and  after  a  run  at 
5.5  mph.  over  various  distance. 


Speed  (mph) 


Rate  of  movement  of  troops 
across  the  Arctic  barren  in  the  winter 

Figure  3 
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Distance  (miles) 

Pulse  rate  variations  of  2  groups 
of  men  walking  across  the  Arctic  bar¬ 
ren  in  the  winter  time. 


Figure  4 


RESPONSES  OF  TIIE  ADRENAL  GLAND  IN  ATHLETES* 


FRED  ELMAIMIAN,  JUSTIN  M.  HOPE.  EDWIN  T.  LAMSON, 
AND  GREGORY  PINCUS 
Worcester  Fnundatuoi  for  Experimental  Biology 
Sh reti'sh it ry ,  ^ f assoc h u setts 
and 

Dementia  Praecox  Research  Project 
Worcester  State  Hospital 
Worcester,  Massacchusetts 

Athlrtfs  participating  in  two  types  sports  were  studied.  The  sympa- 
th!co-ndr<*nal  .system  was  evalunt(*<l  throuRh  the  excretion  of  epinephrine 
(i')  and  noreprint‘phrin«‘  (NK)  in  a  j^roup  of  amateur  ixjxers  competing 
in  the  national  AAU  championships.  The  s<»cond  study  was  concerned 
with  a  rnon*  thor<nn;h  investigation  of  professional  hockey  players.  In  this 
latter  study  l»oth  thi‘  pituitary  adnuial  and  symjjathico  adrenal  functions 
wt‘re  evaluate<l. 

Method 

Catechol  amine.s  were  extracteci  by  the  alumina  adsorption  method  of 
v(tn  I'uler  and  Ilellner  (10).  The  hioassiiv  was  p(*rforme<i  hy  a  mollification 
of  the  melluKl  descrilxHl  by  (taddum  and  LemlxH'k  (1).  This  method  consisted 
of  testing  the  .s^imple  on  the  rat  colon  for  NE.  and  on  the  rat  uterus  for  E. 
This  hioass^iy  is  ha.stHl  on  the  (piantitative  inhibition  by  the  amines  of  the 
contraction  induced  in  vitro  in  a  2  cc.  bath  with  acetylcholine  (3.  5).  The 
actions  of  E  and  NE  on  the  colon  are  approximately  equal,  whereas  on 
the  iiteru.s  E  is  75  to  300  times  more  jwtent  than  NE.  When  the  total  NE 
and  E  values  were  desirofi.  the  colon  assay  was  considered  sufficient. 

17  0HCS  wiLs  detemiine<i  after  beta-glucuronidase  hydrolysis  by  the 
method  de.scril>e<l  by  Silver  and  Porter  (8).  17-KS  were  determined  by  the 
method  d»*.scrilK*<l  by  Pinciis  (7). 

Amateur  Boxers.  Six  amateur  boxers  competing  in  the  finals  of  the 
.Amateur  .Athletic  Union  Ixjxing  cham{)ionship8  were  studied  (2).  Added 
significance  was  placisi  on  the.se  finals  because  the  fighters  who  ultimately 
were  to  win  would  also  qualify  for  the  final  Olympic  tryouts.  Enthusiasm 
and  high  state  of  expectancy  characterized  the  attitudes  of  the  fighters.  This 
was  reflected  in  the  elevated  E  excretion  raie*8  observed  in  most  of  the 
pre-fight  .samples.  Table  I  shows  the  data  obtained  on  all  fighters  and  the 
outcome  of  the  fight. 

On  three  fighters  only  one  sample  was  obtained;  on  Ch  and  Wh  the 
.sample  was  a  pre-contest  collection.  Both  boxers  showed  elevated  E  excretion. 
Each  showed  ample  evidence  of  tenseness  and  apprehension  in  the  pre- 
fight  interview.  After  the  interview.  Ch  went  to  the  corner  of  the  dressing 
roorr»  and  shadow-lxixed  for  about  five  minutes,  while  Wh  sat  quietly  on  a 
bench,  talking  to  his  trainer,  and  refrained  from  shadow-boxing  before 

•.Aided  in  pari  by  ihr  Rr.int  from  ih  .Army  Mrdiral  Rcicarrh  and  Development  Board,  Contract 
No.  D.\-4S-0()7-MI>-4!W,  The  Ford  Foundation,  and  the  Srollith  Rile  Committee  of  Research 
on  Defiienlia  I’raecox  of  the  National  Association  for  Mental  Health. 
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entering  the  ring.  It  may  be  observed  that  Ch  showed  an  elevated  NE 
excretion,  while  Wh’s  value  was  low.  In  this  connection  it  was  observed  that 
those  fighters  who  engaged  in  shadow  boxing  before  the  contest  had  elevated 
NE  excretion  rates.  From  Br.  who  lost  a  close  decision,  only  a  post-fight 
sample  was  obtained.  After  the  contest  he  had  quickly  retired  to  his  hotel 
room  and  the  sample  was  obtained  there.  He  was  found  to  be  quite  disap¬ 
pointed.  and  8|X)ntanefiU8ly  said  that  the  fight  was  an  extremely  difficult 
one  which  had  tired  him  greatly. 

The  high  NR  pre- fight  values  were  noted  in  fighters  who  engaged  in 
shadow  boxing  before  the  contest.  The  highest  pre-fight  E  excretions  were 
found  in  the  fighters  who  showed  the  greater  degree*  of  anticipation  preced¬ 
ing  the  fight.  Finally,  increase  in  the  post-fight  samples  over  the  pre-fight 
samples  of  E  were  observed  in  those*  fighters  who  had  to  fight  for  decision 
in  close  contests. 

ProfcMional  Hockey  Players.  The  relationship  of  the  sympathico- 
adrenal  system  to  the  pituitary -ad renal  mechanism  in  the  stress  responses 
has  attracte>ci  considerable  attention  (6.  9).  The  present  study  is  concerned 
with  the  measurement  of  the  sympathico-adrenal  system  in  terms  of  the 
excretion  of  epinefihrine  (E)  and  norepinephrine  (NE)  and  the  pituitary- 
adrenal  system  with  the  measurement  of  17-hydroxycorticoeteroid  (17- 
OHCS)  and  17  ketosteroid  (17-KS)  excretion  of  professional  hockey  players 
and  their  coach  before  and  after  the  stressful  conditions  undergone  in  this 
sport  event. 

Because  of  the  combination  of  speed  and  body  contact,  ice  hockey 
may  be  considered  as  one  of  the  more  strenuous  sports.  The  athletes  are 
highly  proficient  in  their  field  and  in  the  peak  of  physical  condition.  In  ad¬ 
dition  to  the  fact  that  these  men  are  professional  athletes,  the  very  nature 
of  the  sport  itself  makes  for  a  highly  competitive  engagement.  The  players 
studied  were  cooperative  and  participated  in  the  experiment  quite  willingly. 
The  age  of  the  players  involved  ranged  from  21  to  33  years;  the  weights, 
170  to  190  pounds;  the  heights  five  foot,  eight  inches  to  six  foot,  one  inch. 
These  men  played  the  game  with  other  athletes  of  similar  background  and 
com|>etitive  nature  on  a  rink  210  feet  long  and  90  feet  wide.  The  speed  of 
the  skaters  is  estimated  at  times  to  he  as  high  as  35  to  45  miles  per  hour. 
The  skating  of  the  players  is  at  times  impeded  or  stop|)ed  by  opponents  em¬ 
ploying  body  contact,  for  the  most  part  in  accordance  with  specifically  stated 
rules.  In  a  game  of  this  nature  there  is  frequent  display  of  emotional  involve¬ 
ment  with  high  incidence  of  physical  injury. 

The  urinary  excretion  of  E  and  NE  was  measured  before  and  after  a 
regularly  scheduled  game  of  the  team  studied.  All  urine  formed  during  the 
contest  was  used.  Urine  collections  were  made  in  the  dressing  room  from 
10  to  30  minutes  before  the  game  and  5  to  10  minutes  following  the  com¬ 
pletion  of  the  game.  The  investigator  (J.  M.  H.)  present  at  the  games 
was  well  known  to  the  players  and  enjoyed  access  to  the  dressing  room 
throughout  the  season.  The  players  were  interviewed  in  a  casual,  offhand 
manner  prior  to.  and  at  the  conclusion  of  the  game.  Observations  were  made 
as  to  the  player’s  general  status  in  each  instance,  as  well  as  the  character 
of  the  conte&'t.  When  feasible,  direct  questions  were  asked  designed  to  ascer¬ 
tain  the  indi  ddual’s  feelings  before  and  after  the  game,  as  well  as  to  any 
specific  reactions  present. 

The  time  consumed  in  playing  a  professional  hockey  game  is  60  minutes 
of  actual  playing  time.  The  lapsed  time  from  beginning  of  the  game  to  the 
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end  is  about  three  hours.  This  60-minute  time  limit  is  divided  into  three 
20-minute  periods  of  active  play,  with  10  minutes  of  rest  between  periods. 
The  gomes  started  at  8:30  p.m.  and  usually  terminated  at  10:45  p.m.  The 
coach  is  involved  actively  in  the  game  throughout  the  60  minutes,  and  for 
a  period  of  time,  at  least  10  minutes  prior  to  the  game,  when  he  instructs 
the  players  as  to  what  type  of  game  he  desires  them  to  play.  Between 
periods  the  coach  outlines  the  strategy  and  attempts  to  correct  any  faults 
which  he  may  have  detected  during  the  play.  The  goal  tender  remains  the 
entire  60  minutes  of  play  (except  for  rare  occasions)  in  front  of  the  net  in 
constant  vigilance,  ready  to  protect  the  goal  against  opposing  players.  The 
defensemen  take  regular  turn.H  op  the  ice.  each  playing  al>out  30  minutes. 
The  forwards,  consisting  of  a  center,  right  and  left  wing  (which  is  the  of¬ 
fensive  unit  of  the  team)  each  play  20  to  25  minutes,  depending  on  what 
transpires  in  the  gome. 

Data  was  obtained  on  34  players  participating  in  seven  games.  These 
games  took  place  from  December  4,  1955,  through  March  5,  1956.  Table  2 
represents  the  results  obtained  from  all  the  subjects  studied.  It  may  be 
noted  that  no  significant  clianges  are  apparent  in  the  17-OHCS  and  the 
17-KS.  but  signiheant  increases  were  obtained  in  the  sympathieo-adrenal 
system  as  measured  by  the  urinary  excretion  of  the  E  and  NE.  The  NE 
increased  fourfold,  while  E  increased  twofold.  In  Table  3  we  have  the  corre¬ 
lation  coefficients  of  the  various  indices  measured.  We  note  that  the  only 
significant  correlation  is  that  between  E  and  NE.  with  an  “r*’  of  .48.  All 
other  relationships  were  not  significant 

As  may  be  expected,  there  was  considerable  variability,  depending  on 
the  nature  of  the  games  played.  Two  games  were  quite  outstanding.  These 
are  the  games  Nos.  6  and  7.  In  game  6  the  team  studied  lost  by  a  wide 
margin;  8t:x)re  was  I  to  7.  After  the  first  five  minutes  of  that  game  there  was 
no  doubt  as  to  the  outcome.  Game  number  7  was  quite  unique  in  that  the 
team  studied  had  to  win  in  order  to  qualify  for  the  finals  for  the  Stanley 
Cup.  This  game  ended  in  a  tie  of  2  to  2.  Inspection  of  the  data  (Table  4) 
indicated  that  when  all  the  skaters  (defensemen  and  forwards)  were  taken 
as  a  single  group  in  garner  1  to  5.  inclusive,  a  decrease  in  the  17-KS  was 
obtained  during  the  game  when  compared  with  the  control  (not  significant). 
However,  a  significant  increase  in  the  17-OHCS  was  apparent.  Although  the 
increase  is  small  (about  28%)  this  increase  was  highly  significant.  On  the 
other  hand,  in  game  6  (Table  5)  where  the  outcome  was  not  in  doubt  after 
the  first  five  minutes,  and  the  team  lost  by  a  wide  margin,  we  note  that 
outside  of  the  goal  tender,  who  played  during  the  whole  game  and  did  not 
have  an  adequate  defense  or  protection,  all  other  subjects  of  the  team  sam¬ 
ples  show  a  drop  in  the  17-OHCS.  The  goalie  was  considerably  distressed, 
showing  marked  increase  in  the  17-OHCS  excretion.  The  17-KS  excretion 
of  the  players  was  quite  variable.  The  goalie  showed  an  elevated  17-KS  even 
before  the  game. 

In  contrast  to  game  6.  in  game  7  (Table  5)  all  subjects  showed  increased 
17-OHCS.  This  game,  ending  in  a  tie.  involved  considerable  stress.  Upon  the 
outcome  of  this  game  rested  the  eligibility  of  this  team  to  compete  for  the 
championship  cup. 

The  correlation  coefficient  of  17-OHCS  vs.  17-KS  was  .2.  and  not  signi¬ 
ficant.  In  Table  6  the  data  indicate  that  within  the  range  of  17-KS  of  0.0  to 
.39  mgm./lOOmgm.  creatinine,  the  17-OHCS/17-KS  ratio  was  2.36.  This  was 
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a  siKPificantly  hiphor  ralH>  than  obtainini  within  th«*  rariKc*  of  17* KS  values  of 
■•10  to  .a9  m^m/lOO  niKni.  cr€*atinin«*.  wh«*re  the  ratio  wa*;  1  14.  Thuvn  ♦he  17- 
KS  values  were  greater  than  .6  mgm./!00  rngm.  creatinine,  the  ration  was 
0.81  which  was  significantly  lower  than  the  1.14  obtainetl  in  the  latter  group. 
The.se  re.sulta  ma.v  1m»  int(*rpret«*<l  to  mean  that  with  the  increases!  17- KS 
excretion  there  was  either  an  increase  in  the  metalxilism  of  17-AnCS,  or  that 
17-KS  were  dircH-'tly  secreted  by  the  adrenal  .gland.  These  results  were  simi¬ 
lar  to  those  rei)orte<i  in  combat  infantrymen  in  Korea  (1). 

In  Table  7  we  obfier\'e  all  the  data  of  the  individual  players  participating 
in  game  r>.  Thi.s  game  was  won  by  the  team  stiidieti  by  a  score  of  3  to  1.  The 
team  had  playetl  in  three  of  the  previous  four  nights,  and  hv  the  third  period 
there  was  ol>S4*r/«‘<l  a  di.scernible  fatigue.  The  game  was  bitterly  filayH.  and 
sve  can  ohs4*r\e  from  data  the  variability  of  the  results  within  the  game. 

Table  8  contain.^  the  data  of  the  goal  ti  nder  and  the  conch  in  each  of 
the  games  .s;imf)leil  We  olvier\«sl  in  the  goal  tender,  in  game  a.  where 
the  team  won  to  1.  an  increa.se  in.  17-KS.  NE,  and  E.  but  an  actual  de- 
crea.se  in  the  17-OnCS  titer.  In  game  G  the  goal  tender  was  considerably 
stre.sseil  and.  as  may  1h*  notisl.  the  game  was  lost  by  the  .score  of  1  to  7. 
During  the  interview  in  the  dressing  nK)m  at  the  end  of  the  game  the  goalie 
wa.s  comi)letely  exhausti^^l.  This  was  a|.*pnrent  l)oth  by  his  motor  activity  as 
well  as  his  verbal  expre.ssions.  He  stateti  that  he  was  '  utterly  i>oope<l.”  This 
was  nttestiKl  to  by  the  fact  (hat  he  wa.s  (ih)  tiriKl  to  even  move.  Note  that 
his  17-OHCS.  17-KS.  K,  and  NE  values  are  highly  elevnte<!  during  the  post- 
game  -samplie.g.  It  is  of  interest  to  note  that  his  pre  game  17-KS  value  was 
very  high,  ijuite  unlike  any  of  the  other  samples  on  thi.s  player.  In  game  7 
wr  note  in  the  goalie  an  ini’reast*  in  the  pituitary-adrenal  system  l)oth  in 
terms  of  17-0H(\S  and  17  KS.  with  only  minlerate  elevations  in  the  NE  and 
E  excretion  rates.  He  playinl  a  brilliant  game,  but  the  team  was  unable  to 
win. 


The  results  on  the  coach  were  quite  variable  from  game  to  game.  There 
was  a  fair  consistency  in  the  17-OHCS  excretion  rates.  The  coach  showed  an 
increase  in  17-OHCS  ic.  all  games  .samfded,  I’xcept  game  6.  where  the  team 
lost  by  the  one  side<l  .‘score  of  I  to  7.  In  nil  the  otlior  values  there  was  marked 
variability  from  game  to  game.  For  NE  we  note  that  except  for  game  num- 
hn^r  1.  whe.re  the  team  won  .'>  to  0.  there  were  varying  degrees  of  increa.ses.  As 
far  as  E  is  concerned  in  game  4.  the  coach  .showcrl  marbl'd  increa.se  in  E 
excretion  during  the  game.  In  game  2  he  shows  a  miKlerate  increase.  How¬ 
ever.  in  all  other  games  the  coach  shows  no  increase,  but  a  decrease  in  the 
E  excretion  rate.  The  data  obtainerl  from  the  goal  tender  and  the  coach 
indicates!  quite  clearly  that  when  one  considers  the  sympathico-ad renal 
system  and  the  pituitary -ad renal  system  in  a  stre.ss  situation,  as  measured 
by  the  indices  in  this  study,  each  .system  worked  indei>endently  of  the 
other.  At  times  Iwth  .systems  are  stimulateei.  and  at  other  times,  one  or  the 
other,  or  neither  shows  increases  in  stress  situations  studied. 

In  addition  to  the  goal  tender  and  the  coach,  four  active  players  were 
studied  in  at  least  three  different  games.  The  data  in  Table  9  indicate 
clearly  that  the  variability  obtaim*d  is  dependent,  not  only  on  the  nature 
of  the  game  played,  but  also  on  the  individual  differences  of  each  player. 
Player  number  18  shows  a  degree  of  consistency  in  the  17-KS  excretion  that 
is  worth  noting.  In  each  of  the  games  in  which  he  participated,  the  17-KS 
was  quite  elevated  before  the  game.  After  the  game  there  is  a  marked  drop 
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in  tho  17-KS  excretion.  Thia  pattern  within  the  17-KS  output  showa  no  re- 
latirinship  to  th«*  three  other  indices  meaaureil.  Player  number  4  showa  a 
con.sistent  17-OHCS  increase  in  each  came  studied.  We  note  marked  vtiri- 
ahility  in  the  excretion  of  R  and  NR  which  may  be  related  to  the  decree  of 
involvement  of  the  player  in  the  came  and  to  the  bitterness  of  the  contest. 

Two  players  were  sample<i  Indore  the  came.  who.  upon  examination  by 
the  trainer,  were  coasidered  unfit  to  play.  Both  of  these  players  were  inter¬ 
viewed,  and  sampl«*.s  were  obtained  at  the  end  of  the  came  with  the  other 
contestants.  In  Table  10  it  may  l>e  ob.ser\'ed  that  little  or  no  increase  in 
NR  is  apparent  in  either  player,  hut  that  both  showed  marked  elevations  in 
R*excretion.  Rach  of  the.se  players  was  quite  concerned  about  the  nature  of 
the  injury  and  fearful  that  his  professional  career  micht  he  je«)pardized  if  the 
injuries  did  not  heal  i)roi)erly  and  rapidly.  In  came  4,  player  16  was  involvcxl 
in  a  fist  fight  and  was  ordererl  out  of  the  came  by  officials.  Here  again 
only  m^Klernte  increases  in  the  pituitary-adrenal  system  were  evident  in 
tenns  of  the  17  OMT.S  and  the  17-KS,  while  the  sympathico-adrenal  system 
show«*d  considerable  overactivity  when  measurer!  in  terms  of  R  and  NFJ 
excretion.  The  value  3.3  pC  'lOO  mgm  creatinine,  for  E  was  the  highest  E 
value  ()l>ser\'e<l  in  all  the  subjects. 


SUMMARY 

Data  were  pres4*ntetl  on  the  epinephrine  (E)  and  norepinephrine  (NE) 
excretion  of  amateur  boxers,  and  E  and  NE  excretion  as  well  as  the  excre¬ 
tion  of  17  hydroxycortici^steroid  (17-OHCS)  and  IT-ketosteroid  (17-KS)  of 
professional  hockey  players. 

Varying  increases  in  the  NE  excretion  were  observed  in  the  amateur 
boxers,  with  or  without  elevated  E  excretion,  depending  on  the  tenseness 
of  the  boxer,  es|K^ially  l)efore  the  contest.  Tho.se  boxers  who  engaged  in 
shadow*  boxing  l>efore  the  contest  showinl  elevatwl  NE. 

No  significant  increases  were  observed  in  the  17-KS  excretion  of 
professional  hcx'key  players.  The  small  increase  in  17-OHCS  was  significant. 
The  most  pronounced  elevation  was  in  NE  excretion  with  moderate  increase 
in  E. 

The  possible  significance  of  the  relation  between  the  biochemical  results 
to  the  outcome  of  the  game  and  the  incidents  occurring  during  the  contest 
were  discu.ssed. 

No  correlations  were  observed  between  the  indices  of  pituitary-adrenal 
and  the  sympathico-adrenal  systems. 
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TABLE  1. 

Excretion  of  epinephrine  (E)  and  norepinephrine  (NE)  in  amateur  boxers. 

as  p/100  mg.  creatinine 


Boxer 

NE 

E 

Outcome 

pg. 

pg. 

Ch 

pre 

17.9 

1.64 

Winner  by  decision 

post 

in  the  third  round 

Sm 

pre 

38.1 

1.78 

Winner  by  TKO  in 

post 

32.4 

0.67 

the  third  round 

Pe 

pre 

6.7 

0.22 

Winner  by  decision 

post 

2.8 

0.41 

in  the  third  round 

Br 

pre 

4.2 

0.40 

Winner  by  decision 

post 

7.0 

0.87 

in  the  third  round 

Wh 

pre 

1.7 

1.67 

Winner  by  TKO  in 

post 

the  second  round 

Bra 

pre 

Loser  by  decision  in 

post 

15.9 

1.70 

the  third  round 
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TABLE  2 


Data  on  hockey  players,  all  subjects  studied* 


17  OHCS 

17-KS 

NE 

E 

mgm 

mgm 

fig 

No.  of  Players  ^ 

(33) 

(25) 

(34) 

(34) 

pre 

.53 

.52 

2.6 

.35 

post 

.63 

.49 

11.8 

.80 

sig. 

NS 

NS 

p-  <.001 

p-  <.02 

•  All  data  presented  as  mg  i>er/100  mgm  creatinine 


TABLE  3. 


Hockey  players,  correlation  coefficients  (r)  between  endocrine  functions 


N 

r 

P 

E.  NE 

68 

.48 

.01 

E.  17.KS 

54 

.20 

NS 

E.  17-OHCS 

67 

.05 

NS 

NE.  n-KS 

54 

.02 

NS 

NE,  170HCS 

67 

—.22 

NS 

17-KS,  17-OHCS 

53 

.20 

NS 

TABLE  4. 

DATA  ON  ALL  ACTIVE  SKATERS  IN  GAMES  1  TO  5  INCLUSIVE 


No.  of  Subjects 


17-OHCS 

17-KS 

NE 

E 

mgm 

mgm 

fig 

fig 

(15) 

(13) 

(16) 

(16) 

pre  .46  ±  .02 

.55  ±  .06 

2.6  ±  .5 

.30  ±  .08 

post  .59  ±  .04 

.46  ±  .06 

13.1  ±  1.9 

.76  ±  .25 

sig.  p<.01 

NS 

p  <  .01 

p<.05 
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TABLE  5 


STEROID  EXCRETION 
Game  #6  (lost  1  to  7) 


17  OHCS 

17-KS 

mgm 

mgm 

#1 

Goal  Tender 

pre 

.69 

1.06 

post 

1.01 

.87 

#15 

Coach 

pre 

.58 

.33 

post 

.27 

.22 

#12 

Skaters 

pre 

1.24 

.90 

post 

.51 

#14 

•t 

pre 

.59 

.23 

|)OSt 

.45 

#17 

»» 

pre 

.68 

1.22 

- 

post 

.45 

.82 

Game  (tie  2  to  2) 

#1 

Goal  Tender 

pre 

.48 

.23 

post 

1.19 

.80 

#15 

Coach 

pre 

.37 

post 

.43 

#4 

Skaters 

pre 

.48 

.24 

|XJSt 

1.03 

.21 

#14 

pre 

.29 

post 

1.23 

#17 

pre 

.47 

.52 

post 

.74 

.34 

TABLE  6. 

THE  17.0HCS  : 

17.KS  RATIO 

17-KS 

N 

17-OHCS 

17-KS 

I. 

0  —  .39 

21 

2.36  ±  .23 

II. 

.40  —  .59 

15 

1.14  ±  .08 

II. 

.60  or  greater 

17 

.81  ±  .07 

Sig.:  I,  II;  II,  III;  both  with  p.Ol 
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TABLE  7 


DATA  OF  GAME  #5* 


Player  No. 

170HCS 

mgm 

17-KS 

mgm 

NE 

E 

lAK 

#1 

pre 

.58 

.21 

4.3 

.21 

post 

.34 

.34 

9.1 

.57 

#15  Coach 

pre 

.52 

.21 

1.6 

.28 

post 

.63 

.35 

5.1 

.12 

#8 

pre 

.53 

.93 

6.7 

.34 

post 

.53 

.32 

20.1 

1.17 

#4 

pre 

.43 

.43 

.5 

.41 

post 

.81 

1.13 

16.4 

1.43 

#14 

pre 

.43 

.17 

1.6 

1.25 

post 

.51 

.34 

5.1 

1.40 

#20 

pre 

1.01 

.52 

1.0 

.94 

post  .47  .43 

*  All  data  in  terms  of  100  mgm  creatinine 

185 

1.80 

Romark.«  — 

Won  3-1 

(bitterly  p!nyr<l). 

Three 

gamers  in  four 

nights:  fatigue 

in  third  period. 

TABLE  8. 


GOAL  TENDER* 


17-OHCS 

17-KS 

NE 

E 

mgm 

mgm 

1^8 

Game  #5  (won  3-1) 

pre 

.58 

.21 

4.3 

21 

.34 

.34 

9.1 

.57 

Game  #6  (lost  1-7) 

pre 

.59 

1  06 

3.7 

.84 

post 

1.01 

.87 

12.3 

2.11 

Game  #7  (tie  2-2) 

pre 

.48 

.23 

2.0 

.29 

post 

1.19 

.80 

6.2 

.43 

(X)ACH 

Game  #  1  (won  5-0) 

pre 

.49 

2.1 

.51 

post 

.54 

.... 

1.1 

.21 

Game  #2  (won  4-1) 

pre 

.63 

.13 

0.5 

.51 

post 

.80 

.25 

1.4 

.86 

Game  #4  (won  3-1) 

pre 

.50 

.... 

4.1 

.64 

post 

.80 

.... 

4.9 

1.29 

Game  #5  (won  3-1) 

pre 

.52 

.21 

1.6 

.28 

post 

.63 

.35 

5.1 

.12 

Game  #6  (lost  1-7) 

pre 

.58 

.33 

0.9 

.04 

post 

.27 

.22 

4.2 

.04 

Game  #7  (tie  2-2) 

pre 

.37 

.... 

1.3 

.24 

post 

.43 

.... 

3.9 

.08 

*  All  data  in  terms  of  100  mgro  creatinine 
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TABLE  9* 


FOUR  ACTIVE  PLAYERS  STUDIED  IN  3  GAMES 


Game  # 

17  0HCS 

17-KS 

NE 

E 

mgm 

mgm 

Player  No.  S  1 

pre 

.54 

.94 

3.9 

.10 

IXtSt 

.60 

.38 

16.4 

.22 

2 

pre 

.40 

.71 

0.7 

.14 

|>OSt 

.36 

.18 

3.1 

.13 

5 

pre 

.53 

.93 

0.7 

.34 

|>09t 

.53 

.32 

20.7 

1.17 

Player  No.  14  5 

pre 

.43 

.17 

0.5 

1.25 

!)03t 

.51 

.34 

16.4 

1.40 

6 

pre 

.59 

.23 

5.4 

.20 

|X>St 

.45 

17.3 

.54 

7 

pre 

.29 

.... 

1.3 

.13 

|)OSt 

1.23 

16.3 

.12 

Player  No.  4  3 

pre 

.49 

.65 

1.1 

.32 

|)OSt 

.70 

.57 

38 

.18 

5 

pre 

.43 

.43 

0.7 

.41 

post 

.81 

1.13 

20.1 

1.43 

7 

pre 

.46 

.24 

3.1 

.02 

post 

1.03 

.21 

7.3 

.04 

Player  No.  10  2 

pre 

.48 

.17 

1.1 

.06 

post 

.61 

.17 

90 

.05 

3 

pre 

.42 

.49 

1.6 

.13 

post 

.42 

.43 

5.9 

.35 

4*. 

pre 

.76 

.82 

5.6 

.78 

fWSt 

.44 

.70 

5.3 

1.42 

•  All  data  in  terms  of  100  mgm  creatinine 


••  Injured:  not  allowed  to  play 


TABLE  10* 

DATA  OF  INTEREST:  MISCELLANEOUS 


Player  No. 

17-OHCS 

17-KS 

NE 

E 

mgm 

mgm 

pg 

Game 

#3 

18  pre 

.41 

.40 

2.2 

.23 

post 

.49 

.50 

3.3 

.76 

Game 

#4 

10  pre 

.76 

.82 

6.6 

.78 

post 

.44 

.70 

5.3 

1.42 

Game 

#4 

16  pre 

.35 

.35 

3.5 

.18 

post 

.46 

.47 

29.3 

3.30 

*  All  data  in  terms  of  100  mgm  creatinine 
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GENERAL  DISCUSSION  ON 
APPUCATION  OF  STANDARD  WORK  TESTS 

Lex:  The  subject  is  now  open  for  discussion. 

Lt.  Billy  Wcix^h:  (Medical  Nutrition  Lab.)  A  lot  of  these  so-called  stand¬ 
ard  testa  apparently  are  sufficient  to  distinguish  between  the  obese,  niiddle- 
agcxi  individual  and  the  younger,  athletic  men.  In  our  tests  we  get  uniformly 
as  test  subjects  rather  young  and  reasonably  well-conditioned  people.  With 
this  particular  group  we  have  experienced  some  difficulty  in  correlating  the 
standard  laboratory  tests  with  each  other.  For  example,  the  maximal  oxygen 
consumption,  when  expressed  in  liters  per  minute,  is  a  measure  of  cardio¬ 
vascular  efficiency.  One  would  think  that  it  should  c<irrelate  very  highly  with 
the  step  test,  which  is  another  measure  of  cardiovascular  efficiency,  but 
we  do  not  find  this  to  be  the  case.  We  have  made  an  effort  to  bring  together 
a  group  of  tests  that  measure  functions  ranging  from  eye-hand  coordination 
and  agility  to  cardiovascular  fitness,  with  the  idea  of  coming  out  with  some¬ 
thing  rather  simple,  if  possible,  that  could  be  applied  rather  widely  in  the 
field  by,  say,  relatively  inexperienced  investigators.  We  have  not  been  suc¬ 
cessful  up  to  this  point.  I  realize  I  have  said  much  about  nothing,  but  that 
is  where  we  .stand.  We  plan  to  do  additional  work  in  which  we  will  hope  to 
come  up  with  a  battery  of  tests,  or  a  test,  that  we  can  use  to  fulfill  the  idea 
of  a  work  index. 

Bl’SKIRK:  It  may  not  be  surprising  to  find  that  the  correlation  between  the 
"maximal  oxygen  intake"  and  the  Harvard  Fitness  Test  Score  (step  ver¬ 
sion)  is  rather  low.  As  I  understand  D.  Welch's  use  of  the  Harvard  Fitness 
Test  (step  version),  he  uses  a  fixed  stepping  time  of  three  minutes.  The 
sum  of  the  rectwery  pulse  rates  for  those  who  cannot  keep  up  for  three 
minutes  is  adjusted  by  appropriate  regression  equations.  Thus,  the  Harvard 
Fitness  Test  Score,  when  the  test  is  used  in  this  way,  is  dependent  only 
on  the  pulse  rate  response  to  stepping.  Stepping  (16-inch  bench)  of  course, 
is  a  diflerent  activity  from  running  on  a  treadmill  and  its  demands  may  not 
he  close  to  the  subject's  "true”  working  capacity  for  running.  The  relation¬ 
ship  between  the  Harvard  Fitness  Test  Score  and  the  "maximal  oxygen 
intake"  becom€»s  then  es.sentially  the  relationship  between  the  pulse  rate 
response  to  stepping  and  the  "maximal  oxygen  intake"  during  running. 
Since  many  more  factors  contribute  to  the  maximal  oxygen  intake  than  the 
rate  of  heart  contraction  at  one  rate  of  work,  expectation  of  a  high  correla¬ 
tion  may  not  be  justified. 

Of  interest  in  this  context  is  the  correlation  found  by  K.  Lange  Andersen 
between  the  conventional  Harvard  Fitness  Test  Score  (treadmill  version) 
and  the  maximal  oxygen  intake  in  a  group  of  young  soldiers  who  were 
participating  in  the  studies  carried  out  at  the  Laboratory  of  Physiological 
Hygiene.  The  coefficient  of  correlation  was  0.70.  In  this  instance  the  men 
ran  to  exhaustion  or  for  five  minutes,  whichever  occurred  first.  Assuming 
motivation  for  running  was  not  a  factor  (dubious) .  the  greater  magnitude  of 
the  correlation  in  comparison  to  Dr.  Welch’s  experience  (no  value  cited)  may 
reflect  the  difference  in  severity  of  the  work  performed.  In  other  words,  the 
conditions  for  the  treadmill  Harvard  Fitness  Test  and  maximal  oxygen 
intake  are  close  to  work  limits,  while  stepping  for  three  minutes  up  a  16-inch 
step  is  not. 

Grossman:  I  have  a  few  general  remarks  to  make  on  the  application  of 
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standard  work  testa  in  the  field.  The  distinction  between  field  testa  and 
laboratory  testa  is  like  the  distinction  we  often  make  between  clinical  and 
laboratory  studies  or  the  distinction  between  applied  and  basic  research.  The 
lines  of  demarcation  are  not  always  easy  to  find.  The  tests  that  can  be 
performed  in  the  field  are  essentially  the  same  ones  that  are  performed  in 
the  laboratory.  I  don't  think  any  tests  have  been  referred  to  here  that  cannot 
be  applied  under  field  conditions.  We  have  treadmills  on  wheels;  we  have  all 
of  the  equipment  for  measuring  all  the  physiological  parameters  that  have 
been  referred  to.  and  these  can  all  be  done  in  the  field.  The  same  general 
types  of  parameters  would  be  used,  such  as  pulse  rate,  body  temperatvire, 
duration  of  running,  and  so  on.  When  we  designate  a  topic  like  “Application 
of  Standard  Work  Tests  in  the  Field."  we  usually  mean  the  use  of  tests 
which  would  not  be  used  in  the  laboratory  but  possibly  could  be  used  in 
combination  with  laboratory  measurements  such  as  taking  a  group  of  soldiers 
out  on  a  hike  and  using  this  as  a  test.  The  only  important  distinction  in  my 
mind  is  that  when  testa  are  applied  under  circumstances  in  which  the 
reproducibility  of  the  environmental  circumstances  is  not  as  great  as  it 
would  be  in  the  laboratory,  then  the  important  use  that  we  can  make  of 
such  tests  L«  the  comparison  of  groups  that  are  simultaneously  exposed 
to  the  field  conditions  rather  than  getting  "absolute  values." 

Buskirk:  I  concur  wholeheartedly  with  Dr.  Grossman.  When  most  of  us  go 
into  the  field,  the  first  thing  we  do  is  to  set  up  a  laboratory.  There  are 
certain  exceptions  to  this,  as  we  have  heard  already  this  morning.  Dr. 
LeBlanc.  for  example,  followed  people  who  were  pulling  sleds.  Others  of  us 
have  collected  air  samples  from  men  engaged  in  other  real-life  activities. 
I  would  like  to  digress  from  th€>  rugged  experimental  approach  and  cite 
specific  examples  of  transfer  of  procedures  from  laboratory  to  the  field. 
Many  of  you  know  much  more  about  this  than  I  do,  and  perhaps  you  will 
comment  a  little  later.  The  predicted  four- hour  sweat  rate  of  McCardle,  for 
example,  is  one  measurement  that  is  usable  both  in  the  field  and  in  the 
laboratory.  For  the  most  part,  this  index  has  proved  of  value  in  the  field, 
although  the  prediction  of  sweat  rates  is  not  nearly  as  good  as  it  is  in  the 
laboratory,  where  environmental  conditions  can  be  standardized  much  more 
adequately  and  precisely.  In  athletics,  the  "field”  refers  to  the  field  of 
performant”?e.  and  "performance"  is  the  specific  athletic  event  during  compe¬ 
tition.  Roger  Bannister  (the  mile  runner)  perhaps  has  set  a  good  example 
for  others  with  his  application  of  transfer  of  training  from  the  laboratory 
to  the  athletic  field.  It  is  said  that  he  gained  confidence  for  running  the 
four-minute  mile  in  the  laboratory.  He  measured  his  oxygen  consumption, 
ventilation,  and  a  number  of  other  measurements  at  various  running  speeds 
on  the  treadmill  and  found  that  the  four-minute  mile  should  be  within  his 
grasp.  He  convinced  himself  of  this.  Then,  through  field  trials  on  the  track, 
during  which  time  he  tested  the  laboratory  findings,  he  toiled  toward  his 
goal  of  the  four-minute  mile.  He  also  spent  some  time  at  higher  altitudes. 
Dr.  Balke  has  mentioned  this.  We  all  know  how  successful  he  was  in  this 
transfer  since  he  reached  his  goal,  the  four-minute  mile. 

The  synthesis  of  the  whole  laboratory-field  problem  will  be  closer  to 
solution  if  we  allow  the  man  to  do  his  work  in  the  field  and  allow  the 
investigator  to  stay  in  the  laboratory. 

I  believe  we  all  concur  that  performance  in  some  athletic  events  is 
truly  amazing.  Dr.  Elmadjian  has  indicated  that  the  degree  of  strain  on 
these  individuals  seems  to  be  quite  marked.  I  would  like  to  say  just  a  few 
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words  about  another  athletic  event,  to  point  up  the  severity  of  exertion 
that  some  piHiple  are  willing  to  undergo  and  the  peak  efforts  they  will  put 
forth.  Running  a  marathon,  for  example.  26  plus  miles  in  slightly  over  two 
hours  at  a  pace  of  11  plus  miles  per  hour  is  truly  an  amazing  feat  —  yet 
there  are  a  giMnl  many  |MH)ple  who  can  do  this.  Most  of  us  sitting  in  this  room 
can’t  run  ten  miles  an  hour  for  even  one  minute.  Not  only  is  the  pace 
amazing,  but  the  motivation  to  continue  is  something  that  I,  at  least,  can't 
fully  grasp.  Of  course  the  true  strain  on  these  marathoners  has  not  been 
adequately  assessed.  Some  seemingly  finish  a  race  in  reasonably  good 
condition.  However,  even  the  best  runners  maintain  that  they  are  stiff  and 
sore  for  a  day  or  more  after  a  race,  and  urine  samples  indicate  that  a 
reasonable  question  might  be:  ‘‘What  was  the  hematocrit  of  the  runner’s 
urine?”  Heart  rates  might  not  be  considered  abnormal  at  all  at  the  end  of 
a  race,  but  systolic  pressure  may  fall  to  fairly  low  levels  while  diastolic 
pressure  varies  all  over  the  place  —  in  fact,  it  can  be  elevated  or  markedly 
depressed  so  that  the  pulse  pressure,  say.  may  be  no  more  than  10  to  15  mm 
of  mercury,  or  it  can  be  as  high  as  100  mm.  Of  course  this  is  probably  an 
artifact  of  the  systems.  The  runner  may  finish  with  a  rectal  temperature 
no  higher  than  102®  F.  or  103°  F..  yet  the  runner  has  lost  from  3  to  5  kg.  of 
body  weight  and  must  be  considered  acutely  dehydrated.  Many  marathon 
runners  apparently  undergo  shifts  in  temperature  regulation  during  the 
course  of  a  race.  Chills  12  to  18  miles  out  on  the  road  arc  a  common  com¬ 
plaint  and  a  source  of  apprehension  to  the  runners.  Diarrhea,  nausea,  and 
vomiting  are  not  at  all  uncommon.  The  diarrhea,  at  least.  I  am  told,  is 
frequently  preceded  by  staccato  elimination  of  flatus,  which  is  most  dis¬ 
concerting  to  these  runners.  Actually,  when  this  happens  they  feel  they  have 
"had  it.”  Superior  performance  in  most  other  athletic  events  involves  con¬ 
siderable  skill,  so  it  is  a  complex  situation  rather  than  one  involWng  only 
fitness  or  endurance  capabilities.  In  thf^se  latter  events  that  I  have 
mentioned,  skill  complicates  immeasurably  the  physiological  study  of  athletic 
performance. 

Vogel:  We  happen  to  be  particularly  fortunate,  in  the  Submarine  Service, 
in  that  we  can  conduct  certain  field  studies  under  controlled  conditions. 
We  are  in  a  closed  tube,  where  we  can  measure  temperature,  humidity, 
oxygen  concentration,  carbon  dioxide  presence,  and  the  presence  of  other 
gases  as  well  as  having  a  laboratory  aboard  the  submarine.  This  makes 
for  a  very  fine  setup  for  field  studies.  We  have  made  determinations  on 
caloric  requirements  of  people  aboard  submarines  under  varying  conditions, 
and  we  have  a  clear  picture  of  what  the  oxygen  consumption  and  carbon 
dioxide  output  arc  under  these  conditions..  Of  course  it  is  impossible  to 
put  a  submarine  into  any  sort  of  jeopardy  just  for  the  sake  of  our  field 
trials.  But  we  are  fortunate  in  having  a  real  stress  situation  in  our  escape 
training  tank,  where  we  can  conduct  various  experiments  in  the  field  under 
true  stress  conditions,  with  no  artificiality  whatsoever. 

Bass:  I  would  like  to  ask  Dr.  Elmadjian  a  question,  if  I  may.  In  connection 
with  the  creatinine  excretion  which  you  used  as  a  baseline,  did  you  have  any 
idea  of  its  variability? 

Elmadjun:  I  will  explain  how  we  did  it.  Dr.  Bass.  In  the  pretesting,  the 
timing  was  very  difficult,  but  during  the  test  we  had  accurate  time  samples. 
In  other  words,  we  got  a  sample  ten  minutes  before  the  game  and  at  the 
end  of  the  game,  and  we  got  all  the  urine  from  these  people.  Then  what 
happened  was  that  each  individual,  at  some  time,  did  contribute  to  us  a 
controlled  sample  so  that  we  knew  whether  or  not  he  had  an  increase  in 
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creatinino.  There  wn«  no  Hignificnnt  increase  in  creatinine  excretion. 

Bass;  How  about  decrease? 

ElmadjiaN:  No  decrease.  These  p€K>|)le  went  very  nicely  by  the*  formula 
Riven  in  classical  text  books  that  there  is  a  certain  creatinine  coefficient 
of  somethitiR  like  2G  to  32  for  males  who  have  a  certain  mu.scle  mass  — 
and  we  calculnttsi  the  muscle  mass  of  these  gentlemen  b€?cause  we  felt  that 
if  anyone  was  really  hard,  packed  with  no  excess  fat.  these  were  the  men. 
They  did  fit  tlie  curve  as  far  as  their  creatinine  was  concerned.  The  boys  who 
weighed  160  or  173  founds  had  lower  creatinine  than  the  200*pounder8. 

It  went  right  along  that  cur\'e,  as  stated  in  Peters  and  Van  Slyke’s  chapter 
on  creatinine. 

Gk.\y;  I  would  like  to  bring  up  a  |>oint  that  I  believe  all  of  us  realize  but 
haven't  talked  about  today.  As  far  as  the  Army  is  concerned,  yes,  we  want 
to  know  man's  maximal  jK-rformance  capacity.  But  it  doesn't  do  us  very 
much  good  if  the  infantryman  has  moved  into  |>osition  completely  exhausted. 
The  problem  of  optimal  performance,  so  that  this  man  can  get  up  there  and 
do  his  job  and  then  rest>und  adequately  to  a  wound,  for  example,  is  one 
which  is  quite  fx'rtinent  and  which  I  don't  l)elieve  has  been  touched  on  in 
the  comments  made  so  far  at  this  meeting.  It  is  something  that  is  quite 
critical  aiid  is  something  that  need.s  an  awful  lot  of  thought  in  order  to 
really  assess  what  these  men  can  do.  I  simply  want  to  point  this  out.  On  this 
basis,  the  requirements  of  the  Navy  and  Air  Force  are  somewhat  different 
from  the  requirements  of  the  Army. 

Lee:  I  would  like  to  explore  that  a  little  bit  in  a  .somewhat  different  fashion. 
Of  equal  imi>ortance  to  the  Army  on  many  occasions,  or  to  any  Service, 
would  l)e  not  the  performance  capacity  but  what  it  costs  the  man  to  do  what 
he  has  to  do.  The  cost  in  the  end  may  be  more  im|x>rtant  than  the  particular 
ceiling  he  can  reach. 

Smith*  I  would  like  to  comment  and  add  to  Colonel  Gray's  statements  a 
comment,  not  from  the  standpoint  of  the  Military,  but  with  reference  to  the 
whole  concept  of  the  science  of  work  and  our  duties  in  regard  to  the  lifelong 
behavior  and  welfare  of  individuals.  The  significant  problems  are  not  the 
extraordinary  stresses  —  the  dramatic  demands  —  but  equally  there  are 
the  problems  of  "maintenance”  —  of  devising  conditions  which  will  support 
the  individual  effectively  and  even  happily  throughout  the  course  of  his 
life.  I  don't  view  the  military  situation  as  essentially  different  from,  let’s 
say,  the  man  on  the  assembly  line.  He  isn't  only  going  to  work  an  hour  or 
two  —  he  is  going  to  work  40  years.  The  stresses,  if  they  occur,  and  as  we 
see  them  occur  in  the  dramatic  situations,  may  have  equally  important 
extra|)olated  effects  when  taken  in  small  amounts  over  a  long  period  of  time. 
I  would  like  to  suggest  that  in  discussing  these  matters  we  look  more  to  the 
problems  of  work  situations  and  equipment  which  will,  over  a  lifetime, 
make  the  best  use  of  the  human  body  as  a  physiological  and  psychological 
system  rather  than  focus  on  the  selection  of  those  few  extraordinary  indi¬ 
viduals  who  can  run  the  four-minute  mile  or  who  can  stay  on  the  treadmill 
longest.  Our  tough  but  important  problems  are  the  problems  of  work  from 
the  standpoint  of  the  design  of  physical  environment,  man-operated  ma¬ 
chines,  man's  clothes,  or  devices  and  tools,  which  will  provide  not  only  quick 
efficiency  under  brief  duress  but  a  lifelong  adaptation  that  is  in  keeping  with 
the  general  medical  and  social  welfare  of  the  individual.  To  the  extent  that 
this  conference  achieves  a  better  understanding  of  the  long-term  stress 
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problem,  it  will  have  done  iU  duty  to  better  define  the  critical  conditions 
of  human  work.  Over  the  last  40  years  we  have  had  repeated  approaches  to 
the  problem  of  dramatic  stress  —  heat.  cold,  maximal  athletic  performance. 
But  these  approaches  have  not  solved  the  crucial  questions  of  creating  better 
work  environments.  There  is  much  work  yet  to  be  done  in  the  field  of  dra¬ 
matic  stresses,  but  I  am  sure  that  the  problems  that  are  troubling  many  of 
the  people  around  this  table  are  not  these  dramatic  problems  but  the  life¬ 
long  adaptation  problems  —  what  will  happen  when  the  soldier  has  to  keep 
up  a  task  for  two  or  four  years?  I  believe  that  problem  is  |>088ibly  closer 
to  the  total  welfare  of  the  Army  than  the  problem  of  the  quick- running 
guy  who  shows  or  who  do^es  not  show  marked  increases  in  heart  rate. 

Clark:  (School  of  Aviation  Medicine,  Brooks  Air  Force  Base)  I  want  to  say 
a  few  words  in  regard  to  the  Air  Force.  I  agree  entirely  with  Dr.  Smith. 
We  are  interested  not  only  in  the  man  who  can  get  out  and  fly  a  jet  plane 
1100  miles  an  hour  —  that  is  one  man  and  we  are  interested  in  him.  of 
course  —  but  we  want  to  let  each  individual  —  the  secretary,  the  man 
behind  the  desk,  the  man  at  the  Pentagon,  the  man  anywhere  —  live  a  long, 
productive  life  span.  Here  are  some  asi>ects  of  our  work.  We  start  at  the 
tis.sue  level.  We  are  doing  exi>eriments  now  on  mitochondria,  on  the  trans¬ 
aminases,  tissue  trauma,  on  animals.  Secondly,  we  are  running  chemical 
analy.Hea  on  the  human,  on  his  every  aspect:  the  cholc.sterol  chang€‘s  during 
extreme  work,  amino  acid  change's,  glucose,  lactic  acid,  ketone  bodies,  and 
so  on.  These  are  some  thingn  we  are  measuring  during  physical  work. 

Now.  some  varied  conditions  that  Dr.  Smith  might  be  interc^sted  in:  We 
have  some  problems  that  I  think  are  different  from  those  met  in  the  Army 
and  in  the  Submarine  Service.  Consider  the  individual  who  flies  a  propeller- 
type  ain}lane  and  is  doing  fine.  But  when  he  steps  into  a  jet  aircraft,  that's 
something  else  again.  What  happens,  gentlemen?  We  have  some  quantitative 
data.  Over  50  percent  of  the  people  who  step  into  an  aircraft  of  the  jet  type 
will  hyperveniilate.  due  to  anxiety,  shifting  from  a  normal  level  of  around 
37  to  40  mm  pC02  down  to  as  low  as  18  or  19  mm,  which  will  produce 
cardiospasm  in  the  laboratory.  The  individuals  vary,  depending  on  whether 
they  are  engaged  in  formation  flying,  night  flying,  soloing,  and  so  on.  We 
have  in- flight  measurements  of  all  that  is  going  on.  The  men  will  hyper¬ 
ventilate  according  to  the  |x?rformance  of  the  aircraft  The  higher  the 
performance  of  the  aircraft,  the  more  they  tend  to  hyperventilate,  regardless 
of  whether  or  not  they  are  students.  The  pH  is  around  7.6  or  7.7.  but  they 
are  able  to  fly  the  aircraft  as  well  as  the  next  pilot  Dr.  Wells  and  Dr. 
Balke  have  checked  on  this  day  in  and  day  out.  That  is  one  example  that 
probably  you  don’t  bump  into  very  frequently.  The  hypoglycemia  that 
develops  when  they  step  into  the  aircraft  is  another  problem.  Dr.  Elmad- 
jian’s  data  will  help  us  out  a  lot  It  all  boils  down  to  the  fact  that  that  is 
one  type  of  work  situation.  The  man  at  the  Pentagon  represents  another 
situation.  We  want  to  fit  all  of  them  together  and  enable  everybody  to  live 
a  long,  happy  life. 

Sargent:  I  have  been  working,  on  contract,  for  the  Air  Force  for  five  years. 
We  have  been  particularly  concerned  with  the  fellow  who  goes  down  with 
the  aircraft  and  survives  —  the  castaway.  Both  Dr.  Johnson  and  I  would 
like  to  go  on  record  to  the  effect  that  we  are  very  disturbed  that  the  military 
forces  are  not  sufficiently  interested  in  the  injured  castaway.  I  was  very 
happy  to  hear  Colonel  Gray  say  he  is  interested  in  the  injured  soldier.  Most 
of  the  men  are  probably  going  to  get  hurt  to  some  extent  when  the  airplane 


crashes.  All  our  thinking  and  planning  and  survival  rations  are  based  on  the 
normal  young  man  —  who  is  normal  at  the  beginning  and  fairly  normal  at 
at  the  end.  who  isn't  injured,  who  doesn’t  have  any  broken  bones.  The 
nutritional  requirements  for  him  are  different  for  the  injured  man.  we 
know,  and  the  effects  of  heat  and  cold  are  going  to  be  different  I  would 
put  in  a  plea  that  the  Armed  Forces  begin  to  think  more  about  the  injured 
castaway.  After  all.  we  have  $50,000  (or  is  it  S250,(X)0?)  invested  in  the 
training  of  each  of  these  pilots.  These  men  are  just  as  important  to  recover 
and  bring  back  as  are  the  healthy  castaways. 

VOGfX:  In  that  connection.  I  would  like  to  point  to  a  report  that  has  just 
come  out  from  the  operation  DEEPFREEZE  I.*  It  gives  some  of  the 
medical  and  dental  data  obtained  during  that  operation,  including  some  of 
the  things  Dr.  Sargent  just  questioned,  where  these  people  did  crash  and 
went  into  shock  from  very  minor  injuries,  and  all  the  rest,  and  what  their 
survival  rations  were  like,  and  what  they  were  capable  of  doing.  It  is  a  very 
interesting  and  illuminating  report  I  commend  it  to  all  of  you. 

Spbctor:  Because  of  the  very  nature  of  the  stress  and  the  severity  of  it. 
we  are  forced  at  times  to  resort  to  animal  experimentation.  I  feel  that  we 
really  haven’t  gotten  the  most  out  of  our  conference  today  if  we  don’t  give 
some  attention  to  the  relationship  or  the  extrapolation  of  animal  studies  to 
man.  I  think  most  of  us  are  primarily  concerned,  in  this  area,  with  what 
happens  to  man.  We  use  animals  as  a  re.search  tool.  I  would  like  to  hear 
some  discussion  directed  to  these  matters.  Perhaps  Dr  Balke  would  start 
the  ball  rolling.  I  know*  he  has  done  both  and  has  made  such  correlations. 
BkLKE:  I  like  to  work  with  humans  rather  than  animals.  You  have  to  work 
writh  animals  if  you  have  to,  but  all  the  studies  we  can  do  on  humans  I 
prefer  to  do  on  humans. 

Spbctor:  I  would  agree  that,  with  humans,  many  things  are  a  lot  easier  to 
do.  You  have  a  cooperative  subject  But  when  you  do  use  your  animals,  do 
you  find  that  they  follow  generally  the  same  pattern  of  responses  that  you 
get  in  man  —  that  they  are  a  valid  basis  for  extrapolation  to  man? 

Balke:  I  would  say  there  is  a  very  close  correlation  between  the  results 
obtained  by  the  same  testing  procedures  used  on  humans  and  on  dogs.  For 
instance,  in  regard  to  the  pulse  rate,  the  dog  has  the  same  critical  end 
point  at  about  180  pulse.  A  human  can  occasionally  go  up  to  210  or  220 
beats  per  minute.  However,  the  physiological  limit  is  about  180,  because 
there  we  get  the  crossing  of  inputs  and  outputs.  In  the  dog  we  get  a  tremend¬ 
ous  increase  in  ventilation,  a  fall  in  blood  pressure,  and  so  on.  Secondly, 
the  oxygen  intake  (>er  kilogram  in  the  dog  i»  almost  the  same  as  in  humans 
or  just  a  little  bit  more  —  I  don’t  know  why.  Maybe  it  is  because  they  are 
working  on  four  legs  instead  of  two.  I  see  a  very  nice  relationship  between 
the  responses  of  man  and  dogs. 

Spbctor:  The  material  that  Dr.  Young  presented  shows  the  same  thing. 
I  was  wondering  whether  there  are  other  people  here  who  have  experience 
in  correlating  animal  work  with  human  work? 

Johnson:  I  would  like  to  quote  from  paragraph  2  of  Lecture  1  from  our 
course  in  Comparative  Physiology:  "When  two  animals  solve  the  same 
problem,  the  only  way  you  can  find  out  that  they  solve  it  in  the  same  way 
is  to  study  the  two  animals.  Extrapolating  from  any  animal  experiment  is 
fallacious  and  misleading  unless  you  have  proved  that  the  two  animals 
reacted  in  the  same  way." 

'Efferti  of  Aiuarrtic  Environment  qn  Operationi  in  the  Roti  Sea  Region.  Commander  in  Chief, 

U.  S.  Atlantic  Fleet,  Chief  of  Naval  Operationi,  1955-1956. 
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Lee;  Anybody  doinR  work  with  heat  regulation  knows  that  eitrapolation 
is  extremely  dangerous. 

Craig;  In  the  Chemical  Corps  we  are  unforturuite  in  that  we  can't  determine 
the  lethal  dosi^s  in  man.  We  have  to  determine  LDso's  for  a  particular 
lethal  agent  in  dogs,  and  we  have  to  guess  what  will  happen  in  man  on  the 
basis  of  mild  exposure.  There  is  considerable  debate  about  some  of  our 
figures  right  now.  and  we  have  to  hope  we  are  right.  But  we  have  no  abso¬ 
lute  way  of  proving  we  are  right  on  some  of  these  things. 

Johnson:  Nobody  can  debate  with  you.  You  have  to  do  it.  I  know  you  are 
aware  that  you  can  get  into  some  awful  difficulties,  like  giving  a  dose  of 
morphine  to  a  cat  and  a  dog.  Those  are  two  different  things. 

Bass;  This  talk  about  extrapolation  enables  me  to  make  my  comment  to  Dr. 
Clark.  The  point  Dr.  Clark  made  about  the  hyperventilating  pilot  going 
into  respiratory  alkylosis  should  be  well  noted  because  the  pilot  shows  he 
can  live  with  it.  However,  suppose  a  radar  watcher  were  to  go  into  the 
same  type  of  alkylosis?  How  would  his  efficiency  be  affected? 

Clark:  We  are  going  to  study  the  radar  watchers.  We  have  circumstantial 
evidence  to  indicate  that  he  does  hyperventilate.  The  important  factor  is  the 
factor  of  adaptation.  Dr.  Wells  and  Dr.  Balke  hyperventilated  in  the  labora¬ 
tory  an  hour  a  day  for  two  weeks.  They  got  down  to  pC02  as  low  as  8  mm 
and  they  were  able  to  {K^rform  the  usual  psychomotor  tests  and  other  meas¬ 
urements.  They  became  adapted  to  it  over  a  period  of  time.  Evidently  that 
is  what  the  pilots  have  done.  However,  we  have  too  many  young  pilots 
who  have  heart  attacks  flying  an  aircraft,  too. 

Vogel;  I  should  think  that  in  the  long-range  studies  you  propose  regarding 
the  requirements  for  living  a  full  life  you  would  have  to  relegate  a  great 
deal  of  that  to  animal  studies,  because  man’s  usual  life  span  is  much  longer. 

Clark:  That  is  true.  We  have  a  group  of  rats  and.  as  Dr.  Lee  said,  with 
heat  they  don't  do  so  well.  But  wc  try  to  work  with  an  animal  with  a  life 
span  of  about  three  years  compared  to  man’s  60,  and  then  we  expose  the 
animal  to  different  life  situations.  If  we  do  find  changes,  we  will  go  to  an¬ 
other  specie  and  then  another,  and  if  we  find  consistent  changes  we  will  try 
looking  for  them  in  the  man.  You  have  to  start  somewhere. 
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IV.  EFFECT  OF  ENVIRONMENTAL  STRESSES  ON 
PERFORMANCE  CAPACITY 


OPENING  REMARKS 

HARRY  SPECTOR* 

Chief,  Nutrition  Branch 

Quartermaster  Food  and  Container  Institute  for  the  Armed  Forces 

Chicago 

The  final  section  of  the  conference  will  be  devoted  to  a  consideration 
of  the  effect  of  envircmmental  stresses  on  performance  capacity.  Actually,  we 
shall  be  concerned  with  the  tests  rather  than  with  the  effects  themselves. 
VVe  are  interested  to  learn  whether  the  tests  that  we  have  available  now  are 
adequate,  which  are  the  most  useful,  what  their  limitations  are.  and  what 
is  needed  to  give  us  a  better  understanding  and  a  better  appreciation  of 
the  effects  of  stresses.  We  are  not  interested,  solely,  in  measuring  perform¬ 
ance  itself.  We  are  concernetl  also  with  the  problem  of  “reserves”  and  the 
possibility  of  an  impending  collai)8e  of  homeostatic  mechanisms. 

FrcKjuently.  a  man  can  perform  a  certain  job.  but  he  does  so  at  a  con¬ 
siderable  physiological  ex|H*n8e.  There  is  also  a  psychological  effect.  One  can 
see  this  {x)int  more  clearly,  perhaps,  by  means  of  an  analogy.  You  have 
a  full  tank  of  gasoline  in  your  car.  You  can  go  80  miles  an  hour  and  get  12 
miles  to  the  gallon.  You  can  get  12  miles  to  the  gallon  when  the  tank  is  full, 
and  you  can  also  get  it  when  you  are  down  to  one  gallon  in  the  tank.  Some  of 
us  become  much  concernecl.  as  the  distance  stretches  out.  about  the  amount 
of  gasoline  left  in  the  tank  and  seek  to  estimate  when  we  are  going  to  run  out. 
In  the  human  being  it  is  difficult  to  determine  the  available  reserves. 
Nevertheless,  it  is  the  kind  of  information  we  need. 


*  Deceased.  August  14.  1959. 
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HEAT  TOLERANCE  AND  DEHYDRATION** 


FREDERICK  SARGENT.  II 

Department  of  Phyaiology,  Univereity  of  Illinou 
Urbana 

This  morning  I  described  a  test  of  heat  tolerance  which  Dr.  Johnaon 
and  I  developed  for  use  in  a  field  study  of  survival  rations.  We  employed 
this  test  at  Camp  Atterbury.  Indiana,  in  June  and  July  1955,  in  order  to 
measure  the  castaway's  capacity  for  performing  a  certain  fixed  workload  in 
the  heat.  This  test  was  carried  out  five  times  on  each  of  100  volunteer 
subjects. 

The  weather.  During  the  36-day  period  of  the  field  trial,  we  had  a 
rather  severe  heat  wave  (figure  1).  The  weather  was  cool  during  the  first 
week,  but  in  the  succeeding  days  the  daily  maximum  temperature  usually 
exceeded  90®  F.  and  the  minimum  temperature  averaged  in  the  high  60’s. 

Periods  of  study  and  diets.  There  were  three  periods  in  the  study. 
In  the  pre-experimental  period  of  14  days,  88  subjects  did  moderate  work, 
subsisted  on  5-in  l  Rations,  and  drank  unlimited  amounts  of  water.  The 
other  12  men  subsisted  on  a  diet  of  fresh  and  frozen  foods  (Field  Ration  A 
or  FRA)  and  drank  water  ad  libitum.  In  the  10-day  experimental  period, 
the  88  men  were  divided  into  four  groups.  Two  groups  man^hed  12  miles  a 
day  (hard  work)  and  two  marched  three  miles  a  day  (light  work).  One 
hard-work  and  one  light-work  group  was  allowed  water  ad  libitum;  the  other 
hard-  and  light-work  groups  were  allowed  only  one  canteen  (900  ml)  per 
man  day.  Within  each  of  the  four  groups,  two  to  four  men  subsisted  on  a 
variety  which  ranged  in  caloric  intake  from  zero  to  30<X)  cal/day  and  con¬ 
tained  four  different  distributions  of  calories  among  protein,  carbohydrate, 
and  fat.  The  FRA  subjects  continued  to  eat  fresh  and  frozen  foods  and 
drink  unlimited  amounts  of  water.  In  the  recovery  period,  which  lasted  12 
days,  the  88  men  again  subsisted  on  o-in-I  rations  and  water  ud  libitum 
and  the  FRA’s  continued  the  diet  of  previous  periods. 

Definitions  and  calculations.  Before  considering  the  results  of  this  heat 
tolerance  test,  there  are  two  concepts  we  must  clarify  (figure  2).  The  "heat 
acclimatization  test"  was  patterned  after  a  test  developed  by  W.  S.  S. 
Ladell  (1)  for  group  assessment  of  acclimatization,  and  we  have  followed 
his  terminology  in  evaluating  our  observations. 

It  is  well  known  that  there  is  a  statistical  relationship  between  sweat 
rate  and  body  weight.  We  observed  such  a  relationship  in  our  data  (2). 
In  order  to  reduce  the  individual  variability  of  sweat  rates  of  men  working 
simultaneously  under  the  same  ambient  conditions  of  weather,  we  corrected 
the  observed  sweat  rates  to  those  which  would  have  occurred  if  the  man 
had  weighed  65  kg.  This  sweat  rate  was  called  the  corrected  sweat  rate 
(C.  S.  R.). 

In  acclimatization  to  heat,  men  begin  to  sweat  at  lower  and  lower 
rectal  temperatures  or,  at  the  same  rectal  temperature,  acclimatized  men 
sweat  at  a  greater  rate  than  unacclimatized  men.  The  acclimatization  index 
of  Ladell  is  based  on  these  physiological  facts.  We  calculated  the  acclima- 

•Th«  work  described  here  was  supported  by  USAF  Contract  AF  18(600) -80. 
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Figure  2 
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tization  index  (A.  I.)  by  dividing  the  C.  S.  R.  by  the  increment  of  rectal 
t«»m|)eratiire  for  the  period  of  HWeat  c<jllt»ction.  An  inereasing  index  indicates 
development  of  acclimatization;  a  diMrreasing  index  suggests  breakdown  of 
acclimatization.  ' 

Corrected  tweat  rate.  The  corrected  sw€»at  rate  was  linearly  related 
to  the  ambient  tem|)erature.  We  found  statistically  significant  correlations 
betwc»en  C.  S.  R.  and  dry  bulb  temperatures,  wet  bulb  temperature,  and 
effective  tem|>erature,  but,  for  present  purposes,  it  will  suffice  to  deal  only 
with  dr>'  hulb  temperature  (figure  3).  The  two  regression  lines  shown  were 
calculatiHi  hy  the  methcxi  of  least  stpiares.  The  thin  line  is  for  the  FRA 
subjects  in  all  |H»rio<ls:  the  broad  lino  is  for  the  experimental  subjects  in 
the  pre  eyperimental  and  recovery  peritnls  only.  The  jjoints  represent  the 
mean  sweat  rates  for  grou|.'s  of  22  men.  It  is  evident  that  the  subjects  on  5- 
in-1  Rations  <lid  not  have  S.  R.’s  significantly  clifTerent  from  tho.se  of  ideal 
controls  (FRA).  During  the  exjK*rimental  peritxl.  when  some  of  the  subjects 
were  on  restricted  water  intake  and  others  were  on  unlimited  water,  the 
C.  S.  R.  values  declined  and  approached  two  standard  deviations  from  the 
control  regression  line.  Men  on  restricted  water,  moreover,  deviated  just 
as  much  as  those  on  unlimited  intake  of  water.  The  C.  S.  R.  thus  was  not 
discriminatory. 

Acclimatbation  index.  Men  on  restricted  water  had  greater  increments 
of  rectal  temperature  during  the  S.T.'i-miie  walk  than  men  on  unrestricted 
water.  When  the  acclimatization  index  was  calculated,  we  found  that  sub¬ 
jects  on  limited  water  intake  were  now  separated  by  two  standard  deviations 
from  thoH4>  on  unlimited  water  intake  (figure  4).  Thus  water  restriction  led 
to  marked  deterioration.  The  decrease  in  the  acclimatization  index  was 
statistically  significant 

The  dry  bulb  temperatures  during  the  times  of  testing  the  four  groups 
in  the  ex|>erimental  |)eriod  were  very  similar.  Furthermore,  the  temperatures 
during  the  second  week  of  the  pre-exprimental  i>eriod  and  the  first  week  of 
the  experimental  i>eriod  differed  by  only  0.1°  F.  in  the  case  of  groups  with 
limitid  water  intake.  Thus  no  correction  had  to  be  made  for  the  effect 
of  temperature,  and  a  simple  ”t”  test  could  be  applied. 

Clinical  observations.  Without  observations  on  the  clinical  condition 
of  the  subjects,  thc^se  alterations  in  sweat  rate  and  rectal  temperature  would 
be  only  of  academic  interest  Actually,  we  observed  clinical  deterioration, 
too.  Four  men  collapsed  while  undergoing  the  heat- tolerance  test  in  the 
exF)erimental  period.  One  subject  had  been  starving  and  drinking  unlimited 
amounts  of  water.  The  other  three  had  been  subsisting  on  meat  bar  (pem- 
mican)  and  restricted  water  allowance.  No  man  collapsed  who  had  been 
eating  a  diet  which  provided  15  percent  of  the  calories  from  protein,  33 
percent  from  fat,  and  52  percent  from  carbohydrate. 

During  the  first  seven  days  of  the  experimental  period,  other  evidence 
accrued  concerning  the  probable  minimum  water  requirements  of  the  casta¬ 
way  exposed  to  moist  heat.  Three  subjects  developed  total  anhidrosis,  and 
eight  developed  clinically  significant  hypohidrosis.  Among  the  latter  there 
was  anhidrosis  over  large  areas  of  the  body,  and  they  were  wet  only  in 
small  areas  such  as  groin  and  axilla.  At  the  same  time  observers  were 
sweating  profusely.  None  of  these  subjects  had  miliarial  lesions,  and  none 
exhibited  hyperpyrexia.  All,  however,  had  been  subsisting  on  restricted 
water.  Every  one  of  these  11  men  who  developed  clinical  disturbance  of 
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Figure  3 


DRY-BULB  TEMPERATURE  (°F) 


Figure  4 


swoatinc  !)a(i  €*ating  either  noihin^  (starvation)  or  pommican.  crackers 

and  olc*ornarKarine.  or  pure  carbohydrate.  Not  a  single  subject  who  was 
subsisting  on  a  ration  which  provided  15  percent  of  the  calories  from  protein, 
35  percent  from  fat.  and  52  percent  from  carbohydrate  developed  either 
hy|Mihidrt»sis  or  anhidrosis.  These  clinical  observations  agree  strikingly  with 
the  experimental  results  depicted  in  figure  4.  They  strongly  support  the 
hoILstic  philosophy  we  have  used  in  our  studies  of  survival  rations.  When 
unliidrosis  made  its  appearance  among  our  subjects,  we  began  to  increase 
the  water  allowance. We  found  that  2700  ml  of  water  i)er  day  prevented  any 
now  disturbance's  of  sweating  among  men  marching  12  miles  per  day,  and 
1800  ml  of  water  acted  likewise  for  men  marching  three  miles  per  day.  We 
coiiclude  that  these  values  represent  minimal  water  requirements  for  the 
castaway  ext>osed  to  moist  heat.  Less  water  is  dangerous,  for  the  subjects 
may  develop  significant  reduction  in  rate  of  sweating.  The  final  consequences 
may  well  be  heat  stroke. 
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SOME  GENERALIZATIONS  ON  CALORIC.  WATER.  AND 
OSMOTIC  RI*X)IJIREMENTS  IN  THE  HEAT  AND  COLD  AS 
ESTABLISHED  IN  FIELD  STUDIES* 

ROBERT  E.  JOHNSON 

Department  of  Physinhay,  Unii  ersity  of  Illinois 
(Jrbana 

To  avoid  the  appearance  of  dof^matism  in  a  presentation  as  brief  a» 
this  must  he.  is  very  difficult:  to  present  full  documentation  is  impossible. 
Without  further  apo|c»py.  I  shall  present  certain  generalizations  we  have 
made  in  a  five-year  study  on  survival  rations.  The  methods  were  described 
this  morning.  The  rc^sults  described  now  are  to  be  found  in  an  Air  Force 
technical  reix»rt  ( 1 ) .  We  feel  that  some  of  the  general  principles  have 
importance  in  as|)ects  of  human  physiology  other  than  the  restricted  area 
of  survival. 

Certain  8j>ecific  conditions  were  imposed  in  our  .studies.  The  castaway 
is  assumwl  to  h#e  healthy,  initially  —  not  injured.  His  survival  kit  contains 
multi-vitamin  pills.  His  environment  may  be  cold,  temperate,  or  hot.  His 
daily  physical  work  may  be  light  (stay  by  the  airplane)  or  hard  (walk 
twelve  miles  a  day  to  escatM»).  He  will  be  rescued  or  abandoned  within 
two  weeks.  He  may  have  unlimited  water,  or  he  may  be  severely  limited 
!n  water.  His  .survival  ration  will  he  just  that:  small  in  caloric  content,  not 
planned  for  indefinite  survival. 

The  general  question  wjls.  “Is  there  an  all-purpose  survival  ration?" 
To  answer  this  question  requires  establishing  four  main  i)oints.  (a)  Is  a 
survival  ration  required  at  all.  or  is  starvation  good  enough?  The  answer 
is  that  even  small  amounts  of  food  are  far  better  than  none,  (b)  Is  water 
supply  an  im|>ortant  problem?  The  answer  is  yes.  emphatically.  Continued 
dehydration  leads  sooner  or  later  to  incapacity,  and  in  hot  weather  to  heat 
stroke,  (c)  Granted  that  some  food  and  water  are  necessary,  will  the  same 
ration  suffice  for  all  environments  and  all  workloads?  Or  should  there  be 
specific  survival  rations  for  specific  situations?  We  feel  that  one  and  the 
same  survival  ration  will  suffice  for  all  environments  and  all  daily  workloads. 
No  low-calorie  survival  ration  can  prevent  deterioration  entirely,  but  the 
best  can  minimize  deterioration,  (d)  What  are  the  physiological,  nutritional, 
and  clinical  considerations  in  survival  which  f^tablish  the  requirements 
of  the  aIl-pur|)0}M*  survival  ration?  This  last  question  leads  to  the  presenta¬ 
tion  of  some  considerations  on  temperature,  calories,  water,  osmotic  balance, 
and  protein/carbohydrate/fat  ratios. 

As  notcnl  this  morning.  L.  J.  Henderson  had  much  influence  on  some 
of  us.  He  popularized  for  physiologists  the  use  of  alignment  charts  (D’Oeagne 
nomograms)  to  express  quantitative  relations  among  dependent  variables. 
Our  generalizations  are  susceptible  of  this  kind  of  graphic  presentation. 
Figure  1  deals  mainly  with  calories.  Figure  2  with  water.  The  charts  must  be 
taken  as  a  description  of  events,  not  ncKressarily  as  absolute  mathematical 
truths.  We  have  really  developed  three  kinds  of  charts:  (a)  qualitative,  to 
include  clinical  findings;  (b)  quantitative,  to  which  our  data  fit  empirically; 
(c)  theoretical,  to  express  in  a  convenient  form  known  physiological  rela¬ 
tions.  I  shall  describe  each  of  the  charts  in  turn  without  much  discussion. 

*Thii  work  wu  supported  by  Contract  USAF  1B(G00)-S0. 
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Function,  water  balance,  calorie  balance  {Figure  I  A).  Negative  water 
balance  and  negative  calorie  balance  are  synergistic.  If  by  ‘'clinical  zone" 
we  mean  circumstances  in  which  subjects  bes?ame  ill  enough  to  require  im¬ 
mediate  medical  attention,  there  is  a  combined  effect  of  water-calorie  bal¬ 
ance  which  will  lead  to  disability. 

Temperature,  workload,  calorie  requirement  {Figure  IB).  With  in¬ 
creasing  workloads  and  decreasing  temperatures,  the  caloric  expenditure 
(and  therefore,  calorie  requirements)  increases. 

Function,  protein/carbohydrate/ fat  ratiog  {Figure  IC).  This  chart 
summarizes  our  experience  with  regimens  who>ie  composition  ueviates  widely 
from  what  we  have  come  to  call  the  "normal  mixture."  That  is.  a  regimen 
whose  comiK>sition  is  15  |)ercent  of  calories  from  first-class  protein.  52  per¬ 
cent  of  calories  from  carlxdiydrate.  and  .'t3  percent  of  calories  from  fat.  Our 
lunch  today  upproximaU'd  that  comjKJsition.  Every  time  we  deviate  from 
15/52/33.  and  the  more  we  deviate,  the  more  marked  do€*8  deterioration 
become  among  the  subjects,  and  the  more  subjects  hc*come  clinically  ill.  Thi.s 
result  is  not  altogether  independent  of  v-ater  balance  and  calorie  balance. 
You  can  never  get  truly  normal  function  from  a  .survival  ration,  but  you  do 
get  least  deterioration  from  the  "normal  mixture."  The  effects  of  pure  car¬ 
bohydrate  are  different  fnm  those  of  j^mmican:  wc  do  not  claim  that  their 
ill  effects  are  identical.  We  have  ohservcxl  that  they  produce  more  ill  effects 
than  do€*s  the  "normal  mixture.” 

Temperature,  specific  dynamic  action,  aiailable  calories  {Figure  I  D). 
Calories  from  specific  dynamic  action  are  not  available  for  muscular  work; 
they  are  for  heating  the  body.  .\t  and  above  the  "zone  of  thermal  neutrality." 
st)ecific  dynamic  action  caloric*s  are  pure  waste  so  far  as  muscular  work  is 
concerned.  In  colder  environments,  specific  dynamic  action  calories  are 
useful  to  maintain  body  temi>erature.  and  thus  "spare"  other  calories  for 
work. 

Function,  calorie  balance,  water  balance  {Figure  2  A).  Incipient  heat 
stroke  was  observed  (total  anhidrosis)  among  subjects  in  the  heat  who  were 
dehydrated  and  in  strong  negative  calorie  balance. 

Temperature,  daily  uorkload,  water  requirements  {Figure  2  B).  With 
increased  workload,  water  loss  increase's  both  from  the  skin  and  the  lungs. 
With  increasing  tem|>eratures  above  freezing,  dermal  water  losses  increase. 
With  diminishing  temperatures  below  freezing,  pulmonary  water  losses 
increase.  At  hard  work  in  the  heat,  anhidrosis  will  appear  at  intakes  less 
than  3  liters/day.  At  light  work  in  the  heat  anhidrosis  will  ap|)ear  at  intakes 
of  less  than  2  liters/day.  These  observations  define  water  requirements  un¬ 
equivocally. 

Water  intake,  osmotic  intake,  water  balance  {Figure  2  C).  This  chart 
establishes  osmotic  balance  as  a  nutritional  concept  of  first  importance. 
When  water  is  limited,  a  low  o.smotic  intake  (a  function  of  the  sum  of  pro¬ 
tein  and  minerals)  leads  to  marked  negative  water  balance;  even  with  un¬ 
limited  water,  water  balance  remains  negative.  At  high  o.smotic  intakes, 
above  0.7  osmols/day.  water  Iialance  is  maintained  if  water  is  unlimited. 
With  limited  water,  however,  obligatory  renal  water  loss  is  enhanced  by  a 
large  osmotic  intake  (either  protein  or  salt,  the  kidney  doe*  not  distinguish), 
leading  to  strongly  negative  balance.  There  is  an  optimal  osmotic  intake, 
which  permits  the  least  negative  water  balance  when  water  is  limited. 
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FACTORS  RELATED  TO  WATER  BALANCE 
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Figures  2 A,  2B,  2C,  2D 
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Metabolic  water  (Figure  2  D).  I’liiH  chart  is  drawn  from  theory,  assum- 
im:  f«»r  survival  rations  that  all  ^MnlstufTH  in  the  ration  arc  oxidi/cd.  Grams 
of  water  are  calculattxl  thus:  103  i^rn  from  1000  cal.  of  protein;  150  from 
10(X)  cal.  carlxiliydraf**:  119  Km  from  KXX)  cal.  fat.  I'he  nomoKrain  is  a  ct>n* 
venience  in  cornputiriK  water  from  oxidation  of  foodstuffs. 

General  conclusions.  Our  conclusion  and  final  recommendation,  there¬ 
fore,  is  to  provide  a  single  all-piiri>ose  survival  ration.  It  should  come  as  close 
as  po.HsihIc  to  2000  cal.  per  day.  with  percentaRc  of  calories  1">  from  protein, 
r>2  from  carlx»hydratc.  and  33  from  fat.  Two  liters  of  water,  at  least,  are 
netnlwl  for  hot  wefither.  one  liter  for  cold.  Less  than  one  liter  will  lead  to 
jKftentially  serious  dehydration  in  all  temiK>ratures.  Osmotic  intake  should 
approximate  0.7  o.smois  day.  Multi-vitamin  tablets  are  assumed. 

We  realize  that  survival  rations  must  represent  a  three-way  compromise 
among  nu-tlical.  technological,  and  operational  considerations.  If  you  want  to 
compromise  the  nu^rlical  aspects,  do  so  with  your  eyes  open  as  to  the  iJossible 
results  What  wt*  have  riHomnu'iuliHl  will  maintain  healthy  humans  for  quite 
a  time  in  what  we  regard  as  alrno.st  a  normal  state.  If  you  drop  low  in  cal¬ 
ories  or  water,  or  adopt  mixtures  widely  aberrant  in  protein /carbohydrate/ 
fat  ratios,  sooner  or  later  you  will  run  into  clinical  trt)uble.  It  may  take  the 
form  of  exliau.-ition,  heat  exhau.stion.  incipient  heat  stroke,  or  one  of  several 
other  kinds  of  clinical  entities.  We  re/.'ommend  no  compromise,  rather  than 
dangerous  taking  of  chances. 
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HUMAN  PERFORMANCE  IN  THE  GOLD 

KAARE  RODAHL 

Department  of  Clinical  Retearch,  The  Lankenau  Hoepital 
Philadelphia 

Our  group  in  Alanka  is  int^reated  in  the  factors  which  may  influence 
health  and  combat  efficiency  in  the  Arctic.  We  are  interested  in  the  effect 
of  cold  stress  upon  performance.  But  we  find  it  just  about  as  difficult  to 
define  “8tr<M»*'  as  to  measure  '‘performance."  It  has  been  said  that  the 
Eskimo  must  be  acclimatized  to  cold  stress  because  he  has  lived  in  it  all  his 
life.  It  is  true  that  his  forefathers  have  lived  for  some  2500  years  in  Alaska, 
and  yet  we  find  that  his  body  is  not  really  exposed  to  cold.  Measuring  his 
house  temperatures  in  the  daytime,  you  find  they  are  just  about  70^  F., 
while  they  are  around  50^  F.  at  night,  at  which  time  he  is  covered  by  blank¬ 
ets  or  fur.  We  find  that  the  Clo  value  of  his  two  layers  of  caribou  skin,  which 
is  about  three  inches  thick,  is  just  about  12  Clos,  and  that  is  all  he  needs  for 
any  kind  of  arctic  environment  if  he  is  protected  from  the  wind  to  some 
extent  Furthermore,  we  find  that  even  our  Air  Force  clothing,  which  is  far 
inferior,  will  take  a  man  to  — 40-  F..  protected  from  the  wind,  without 
having  to  increase  his  metabolism.  We  find  that  conditions  such  as  these 
exist  in  the  middle  of  Alaska  about  96  percent  of  the  time.  Certainly  the 
Eskimo  is  not  exposed  to  such  cold  stress  as  people  like  to  think,  with  one 
exception  —  his  face  is  exposed  to  cold,  and  for  some  reason  he  is  able  to 
tolerate  this  better  than  we  do. 

As  far  as  the  methods  for  measuring  human  performance  under  these 
conditions  are  concerned,  we  find  the  problems  equally  difficult.  Again  we 
have  concentrated  much  of  our  work  on  the  Eskimo,  and  we  find  that  obvi¬ 
ously  the  Eskimo  gets  along  much  better  in  a  cold  environment,  just  as  a 
New  Yorker  gets  along  better  in  New  York  than  does  an  Eskimo,  because  he 
has  acciimulated  relevant  knowledge  and  experience  from  childhood.  From 
the  age  of  eight  the  Eskimo  is  taken  out  in  a  umiak,  and  he  has  to  row  all  the 
time.  When  he  falls  asleep  his  father  shakes  him  and  he  is  forced  to  row 
again,  without  either  food  or  water. 

When  the  temperature  is  below  — 40°  F.  for  prolonged  periods,  we  are 
unable,  with  our  present  artificial  materials,  to  provide  the  airman  with 
adequate  protection  to  enable  him  to  remain  in  thermal  balance  while  in¬ 
active.  He  has  to  exercise.  And  he  who  can  maintain  a  high  level  of  physical 
exercise  longest  has  the  best  chance  for  survival  under  these  extreme  con¬ 
ditions. 

To  give  you  an  idea  of  the  difference  in  performance  and  physical  fit¬ 
ness  between  the  average  Eskimo,  the  well  trained  Army  soldier,  and  the 
average  ariman,  we  ran  the  treadmill  ti^t  and  found  that  the  ratio  was 
3.5  (Eskimo)  to  2.5  (Soldier)  to  1  (Airman).  Thus  physical  fitness  is  de¬ 
cisively  greater  in  the  Eskimo  than  in  the  whites.  At  the  same  time  the 
Eskimo  has  superior  clothing  which  is  very  flexible.  He  will  take  off  one 
layer  and  is  comfortable  inside.  An  airman  will  take  off  a  whole  bundle  of 
clothing  to  achieve  the  same  comfort.  When  an  airman  has  to  dress  in  a 
hurry,  it  will  take  him  ten  minutes,  while  an  Eskimo  can  do  it  in  ten 
seconds. 

At  the  same  time  Eskimo  houses  are  adequate  to  prevent  heat  loss.  The 
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Eskimo  has  adjusted  hims<>if  to  his  high  meat  diet,  which  is  the  only  diet 
I><>s8i))h>  in  his  situation  It  is  one  which  provides  the  b<»nefits  of  the  specific 
dynamic  action. 

So  here  we  have  a  combiniition  of  knowledge,  experience,  attitude, 
motivation,  physical  fitness,  endurance,  and  ho  on.  Concerning  the  methods 
for  testing,  we  have  been  able  to  make  some  physiological  measurement? 
for  some  yt'ars  in  men  i>erfomung  certain  tasks  in  the  Arctic,  and  I  would 
like  to  |wip.t  out  again  that  thi.s  has  l>een  useful  in  showing,  as  Dr.  Lee 
pointed  out.  what  it  cHJsts  the  man  to  do  certain  things,  not  only  in  terms  of 
the  human  body  but  also  as  affected  by  his  environment. 

For  financial  rea.son.s.  apparently,  the  Army  bought  some  very  heavy 
skis,  four  times  as  heavy  as  my  skis  and  apparently  only  one  dollar  cheaper. 
In  the  course  of  a  couple  of  days  the  man  has  .spent  that  much  more  in 
calories,  .so  you  have  lost  what  was  gaintd  by  the  difference  in  price.  Thus 
the  difference  in  e<|uipmcnt  is  just  as  important  to  the  economy  as  to  the 
man  himself. 

Behnke*  has  i>ointed  out  that  to  mea.sure  pul.se  rate  regularly  from 
day  to  day  pn>vi(h*s  a  fairly  g<M><l  infh*x  for  how  you  feel  and  what  physical 
.sha|>e  you  are  Other  than  that,  we  have  not  been  able  to  find  any  simple 
way  of  measuring  pro<iicted  performance. 

As  far  as  the  whole  problem  of  nutritional  deprivation  is  concerned, 
I  shall  not  take  the  time  now  to  go  into  details,  but  I  would  like  to  point  out 
the  tremendous  individual  variations  in  tolerance  and  performance  under 
these  circumstances.  If  you  would  like  to  see  the  extreme,  you  might  read 
a  book  entitled.  UV  !)ie  Alone,  written  by  an  Englishman  about  a  Norwegian 
who  in  the  last  war  landed  in  Northern  Norway  on  a  military  mission. 
It  cndc<l  in  a  cata-strophe.  Pursiuxl  by  the  Germans,  he  lived  for  41  days 
in  a  snow  cave  almost  without  food.  He  swam  in  ice  water  on  three  oc¬ 
casions  in  one  day  for  a  fx-riod  of  time  which  was  far  in  exces.s  of  what 
you  .see  in  the  tolerance  tables.  He  skied  and  he  ran  and  he  lived  practically 
without  food  for  I  don’t  know  how  long.  His  motivation,  of  course,  was  to 
get  over  into  Sweden. 

I  had  an  opportunity  also  to  find  out  something  about  the  Australian 
aborigines  on  my  recent  trip  to  the  South,  and  I  was  amazed  to  find  that 
these  people  ran  walk  about  for  days  and  weeks  without  food  and  perform 
very  well.  I  have  also  traveled  with  the  Eskimos  and  have  found  they  can 
go  a  long  time  without  food  or  water.  The  same  is  true  about  the  Lapps  in 
Northern  Scandinavia  who  can  roam  around  in  the  mountains  with  only  a 
piece  of  dried  meat  for  food. 

I  would  like  also  to  mention  the  fact  that  the  Prihilof  seal  can  lie 
on  the  land  and  fight  and  mate  for  about  three  months,  apparently,  without 
water  and  without  food.  Maybe  we  could  learn  something  from  the  study 
of  this  strange  creature.  This  is  also  true  in  the  case  of  penguins  —  they 
can  go  for  60  days  without  food  or  water. 

It  seems  that  by  studying  these  extreme  phenomena  we  might  be  able 
to  get  some  idea  of  what  the  mechanism  is  behind  it.  In  general  it  appears 
that  your  actual  performance  in  a  given  situation  may  depend  greatly  on 
what  you  did  before.  In  other  words,  there  is  a  factor  of  adaptation  to 
be  considered.  If  you  give  a  man  pemmican  and  then  give  him  normal  food 
and  then  pemmican  again,  or  send  him  out  on  a  field  trial  on  repeated 
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uccaniumi  you  will  fiiul  that  somrhow  he  apparently  adjusts  or  adapts 
to  this  pemmican  ration. 

You  may  Ik*  acquainte<l  wi!'.  the  fact  that  in  some  instances  people 
collapse  after  three  days  of  siihsistence  on  pemmican  I  am  talkinR  abiiut 
the  kind  that  contains  rouRhly  50  percent  fat  and  5#)  percent  meat.  The  worst 
day  is  the  third  day.  If  they  can  someho'.v  sur\’iv«*  that  third  day,  they 
usually  pull  through.  Apparently  this  i.s  a  matter  of  adaptation. 

Our  biochemist.  Dr  Drury,  wondered  what  the  central  iiefvous  system 
had  to  do  with  thi.s.  He  Rave  one  Rroup  |)emmican  alone  plus  a  number  of 
capsules  witli  pemmican  ai.stj.  Another  group  r€»ceived  pemmican  with  the 
same  rnimbt*r  of  capsules  of  carlwhydrate  in  the  amount  of  40  grams  per  day. 
They  did  not  know  what  they  were  getting.  One  group  receive<l  nothing 
but  pemmican.  and  the  other  group  pemmican  plus  carbohydrate.  In  both 
cases  the  caloric  level  was  roughly  1000  calorics  iK?r  man  per  day.  Over  a 
ten-day  peritxl  they  all  looki*d  at  each  other  and  couldn’t  detect  any  dif¬ 
ference.  At  the  end  of  ten.  days  it  was  impossible,  by  clinical  observation 
and  performance  measurements,  to  see  any  difference  in  the  two  groups. 
This  was  rather  surprising. 

As  far  as  performance  on  the.se  low-calorie  survival  rations  is  con- 
ci  fnc*<l,  you  send  a  miin  out  on  1000  calories  and  he  comes  back  and  has 
lost  If)  {>ounds  in  weight  and  his  score  on  the  Harvard  Physical  Fitness 
Test  has  improved  in  almost  aii  cicses.  One  wonders  whether  this  is  not 
just  u  matter  of  his  having  less  weight  to  carry  while  performing  the 
exercise  at  the  end  of  the  exi)eriment.  As  we  see  it,  this  whole  problem 
of  performance  is  rather  complex.  We  find  that  in  terms  of  behavior  and 
{Hjrformance  we  have  to  consider  the  whole  person,  the  whole  man,  and  his 
reaction  to  the  entire  environment.  We  cannot  count  pulse  beats  and  say  we 
exp<‘Ct  a  man  to  have  a  pul.se  rate  of  120  under  a  particular  tactical  situation. 
Rather,  we  have  to  consider  the  general  health  of  the  soldier,  for  one  thing, 
and  hi.s  organ  functions,  hi.s  physical  fitness,  his  mental  ability,  alertness, 
mental  .stiimina  and  motivation.  After  all.  his  performance  will  also  dep>end 
on  his  offic<*rs  and  their  leadi-rship,  and  s«)  on  Finally,  operational  i)erform- 
ance  under  actual  field  conditions  also  includes  human  engineering  aspects 
and  the  .soldier’s  ability  to  improvise  and  get  along  in  a  difficult  situation, 
as  well  as  his  ability  to  get  along  with  his  fellow  men.  It  appears,  therefore, 
that  one  has  to  consider  all  these  aspt'cts  of  this  complex  problem  before 
it  can  he  analyzed  in  terms  of  an  index.  First  of  all.  we  have  to  develop 
an  index  of  the  stress  we  are  talking  alxjut;  and,  secondly,  an  index  of  the 
tolerance  or  perfoimance  under  these  stresses. 

Under  most  circumstances  a  man  is  overprotected  against  heat  loss, 
including  most  r€*al  arctic  circumstances,  and  therefore  he  does  not  have  to 
elevate  metabolism.  Consequently  there  should  be  no  reason  to  increase 
his  caloric  requirement,  except  of  course  for  that  fraction  which  is  due  to  the 
weight  and  hulk  of  clothing  and  the  fact  that  snow  is  more  difficult  to  w’alk 
on  than  is  pavement. 

We  have  been  wondering  a  good  deal  about  the  climatization  to  cold. 
We  find,  in  the  first  place,  that  Eskimos  and  most  soldiers  are  really  not 
exposed  to  cold  but  are  protected.  We  find  under  these  circumstances,  even 
when  a  man  is  sleeping  in  a  double  arctic  sleeping  bag  outside  in  — 25°  F. 
that  his  metabolism  is  exactly  the  same  as  it  would  be  if  he  were  inside.  In 
fact,  he  is  in  thermal  balance  throughout.  Under  these  circumstances  we 
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find  that  there  ia  no  increase  in  food  intake  over  the  5  to  10  percent  or 
what  you  would  expfHrt  bc^cause  of  the  extra  weight  and  bulkineas  of  the 
clothing  and  the  difficulty  of  walking  over  snow.  Furthermore,  we  find  in 
the  case  of  the  Eskimo  that  his  basal  metabolism  is  identical  with  ours  if  we 
allow  for  the  9  to  10  |)ercent  increase  due  to  apprehen'^ion  and  deduct  15 
percent  for  the  specific  dynamic  action  of  the  high  protein  intake.  If  we  put 
an  F'skimo  on  a  v.hite  man’s  diet  his  metabolism  is  the  same  as  ours. 

Next  we  studied  the  iodine- 131  metabolism  and  found  that  there  is  no 
change  in  the  soldiers  ex|M>sed  to  what  cold  they  encounter,  nor  is  there  any 
difference  between  them  and  the  Eskimo.  The  Eskimos  on  the  Coast  had  the 
same  iodine- 131  uptake,  the  same  urinary  l'^'  elimination,  and  the  blood 
levels  were  not  elevated  6.  12.  36.  and  48  hours  after  the  tracer  dose.  The 
saliva  secretion  was  the  same  as  in  whites. 

We  found  in  the  inland  Eskimos  and  the  inland  Indians  they  do  have 
quite  a  different  pattern.  They  have  abnormally  high  uptakes  and  high 
eliminations  of  I '3’.  They  have  also  lower  blood  levels  of  I '3?.  They  have 
extremely  low  iodine  intakes.  By  giving  them  iodine  for  three  months  we 
observed  a  distinct  change  in  the  iodine  metabolism  towards  a  normal 
pattern.  The  frequency  of  enlargcxl  thyroid  is  over  25  percent  in  these  inland 
people.  But  excluding  those  i>eople  who  showed  definite  signs  of  endemic 
goiter,  all  the  other  Indians  and  Eskimos  showed  no  dieviation  from  the 
normal  uxiine  metabolism. 

Soldiers  exj>osed  to  the  Arctic  winter,  engaged  in  outdoor  exercise, 
living  in  bivouacs  and  so  on  showed  no  evidence  of  altered  thyroid  function 
as  measured  by  I'3»  uptake,  blood  levels,  and  urinary  elimination.  We  believe, 
on  the  basis  of  all  this,  that  we  are  not  really  measuring  the  response  to  cold 
when  we  are  studying  these  protected  individuals  in  Alaska. 
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WORK  PERFORMANCE  IN  A  HOT  ENVIRONMENT 


D.  W.  BASS 


Environmental  Protection  Reeearch  Dividon 
Quartermaeter  Reeearch  and  Engineering  Center 
Quiirter master  Research  and  Engineering  Command,  U.  S.  Army 
Natick,  MauachiuetU 

Dr.  Rodahl  eipreaaed  very  nicely  the  difference  between  living  in  the 
Arctic  and  having  a  man  nude  in  the  cold.  I  was  not  going  to  comment  on 
the  cold  except  to  point  out,  aa  Dr.  Rodahl  did,  that  the  limiting  factor 
of  work  capacity  in  the  Arctic  might  well  be  that  impoeed  by  heat  strew. 
We  have  frequently  pointed  this  out  in  our  own  reports,  and  I  notice  Dr. 
Rodahl  nodded  his  head,  so  I  shall  not  go  into  that  any  further. 

I  would  like  to  make  a  few  comments  about  the  relationship  between 
work  capacity  and  heat,  and  the  fact  that  a  knowledge  of  these  inter¬ 
relationships  might  lead  to  successful  search  for  the  simple  test  of  perform¬ 
ance  capacity  that  Dr.  Henschel  asked  for  in  opening  the  conference.  Just 
briefly,  for  those  who  are  not  familiar  with  the  acute  effects  of  heat  and 
the  phenomenon  of  heat  acclimatization.  I  will  take  one  or  two  minutes  to 
present  the  basic  facta. 

When  an  individual  is  abruptly  exposed  to  heat,  he  can  work  only  with 
great  difficulty.  Tasks  which  are  ordinarily  performed  with  great  ease 
are  frequently  difficult  or  impossible  to  complete,  due  to  dangerously  high 
body  temperatures  and  cardiovascular  inadequac>’*  If  .  however,  the  individ¬ 
ual  makes  daily  attempts  to  perform  a  given  task,  a  rapid  and  dramatic  im¬ 
provement  occurs.  Within  several  days  he  can  work  with  minimal  discom¬ 
fort.  This  improved  ability  to  work  is  accompanied  by  several  well-defined 
physiological  adaptations.  Thus,  in  a  well -conditioned  but  not  heat-aodima- 
tized  man  the  first  attempt  to  walk  for  30  minutes  at  four  miles  per  hour 
in  an  ambient  temperature  of  120°  F.  will  result  in  a  high  pulse  rate  and 
high  skin  and  rectal  temperatures.  In  addition,  he  will  subjectively 
experience  great  discomfort,  accompanied  by  dizziness,  nausea,  and  possibly 
syncope.  In  other  words,  he  behaves  as  though  he  had  suddenly  lost  his 
physical  conditioning.  Within  four  to  sex^en  days  of  daily  walks  the  discom¬ 
fort  would  be  greatly  reduced;  pulse  rate,  skin  and  rectal  temperatures, 
and  sweat  concentrations  of  Na  and  Cl  would  be  lower  than  on  the  first  day; 
sweat  rate  would  be  higher.  These  adaptations  are  the  so-called  “indices** 
of  heat  acclimatization  and  are  summarized  in  table  1  with  illustrative  data 
from  studies  performed  at  our  laboratory.  Other  changes  that  have  been 
reported  are  increased  cardiovascular  stability  with  changing  posture,  in¬ 
creased  blood  volume,  and  decreased  metabolic  cost  for  a  standard  task 
(i.e.,  increased  efficiency). 

Since  all  the  adaptations  —  both  subjective  and  physiologic  —  appear 
to  follow  the  same  time  course,  with  maximal  improvement  during  the  first 
week,  the  acclimatization  process  seems  to  constitute  a  single  physiological 
response.  As  such,  it  has  been  shown  to  have  the  following  characteristics: 
(a)  it  occurs  rapidly  (4  to  7  days) ;  (b)  it  can  be  induced  by  short  exposures 
(3  to  4  hours  daily)  if  exercise  is  performed  during  the  exposure;  (c)  ex- 
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poslire  to  hrat  with  no  excrciBc*  confern  little  acclimatization;  (d)  it  i«  en¬ 
hanced  by  previouH  K'tHxi  physical  cn^Jidition;  (e)  it  is  retarded  by  low  tuilt 
and  water  intakea;  (f)  it  in  not  enhanced  by  high  salt  intake  (i.e.,  over  15 
irm  NaCl  daily);  (g)  it  is  retained  during  subsequent  periods  of  no  heat 
stress  (up  to  4  Wf*ek8).  and  can  be  maintained  for  months  with  only  occa¬ 
sional  exiK>surc*8;  (h)  acclimatization  to  a  given  heat  plus-work  load  confers 
complete  acclimatization  to  lesser,  and  partial  acclimatization  to  higher  loads. 


TABLE  1. 

INDICES  OF  ACCLIMATIZATION  TO  HEAT:  PHYSIOLOGICAL 
RESPONSES  TO  A  DAILY  30  MINUTE  WALK 
AT  4  mph  (Ambient  Temp<*rature  «  120^  F.) 


First  Walk 
in  the  Heat 

Sixth  Walk 
in  the  Heat 

Response 

Characteristic 

of 

Acclimatization 

Pulse  Rate 

167  per  min. 

124  per  min. 

Decrease 

Rectal  Temp. 

102.5^  F. 

100.30  F 

Decrease 

Average  Skin  Temp. 

98.4^"  F. 

96.3^  F. 

Decrease 

Sweat  Sodium 

134  mEq/L 

70  mEq/L 

Decrease 

Sweat  Chloride 

128  mEq/L 

67  mEq/L 

Decrease 

Sweat  Rate 

Klim'S  gm/1  hr 

1200  gm/hr 

I ncrease 

Subjective  Symptoms 

Great  discomfort, 
nausea,  dizziness 

No  discomfort 

Disap|)ear- 

ance 

From  the  foregoing  it  apf>ears  that  heat  ncriimatization  and  physical 
conditioning  are  rolatcxl  phenomena.  It  also  seems  that  the  cardiovascular 
system  is  a  common  denominator  in  Ixith  these  res|)onses.  Indeed,  there  is 
evidence  that  acclimatization  to  heat  is  primarily  acclimatization  to  in¬ 
creased  cardiovascular  requirements  with  improved  temperature  regulation 
as  a  “secondary”  response. 

It  has  been  generally  thought  that  the  improved  cardiovascular  function 
in  heat  acclimatization  is  brought  alwut  by  an  increase  in  circulating  blood 
volume.  However,  it  can  be  shown  that  acclimatization  to  heat  can  be  main¬ 
tained  without  an  accompanying  increase  in  blood  volume.  Similarly,  some 
workers  have  maintain<Kl  that  improved  physical  condition  is  associated  with 
increased  blood  volume.  However,  again,  recent  evidence  indicates  that  this 
is  not  a  neces.sary  accompaniment  of  improved  performance  capacity.  We 
are  currently  working  on  the  hypothesis  that  both  heat  acclimatization 
and  improved  physical  condition  may  be  associated  with  increased  veno- 
motor  tone  which,  by  reducing  the  volume  of  the  vascular  bed,  permits 
improved  cardiovascular  function  without  the  requirement  for  an  increase  in 
blood  volume. 

I  would  like  to  suggest  that  evaluation  of  work  performance  in  a  hot 
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environment  as  c^omparinl  with  that  in  a  comfortable  temperature,  may 
provide  us  with  n  "non  destructive"  test  which  will  enable  us  to  predict 
performance  rapacity.  1  would  like  to  suggest,  also,  that  an  important 
measurement  in  validating  any  such  test  would  involve  assessment  of 
venomotor  tone.  We  hojje  to  pursue  these  lines  of  approach. 
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PERFORMANCE  CAPACITY  IN  THE  HEAT 


Some  Additional  Observations 

F.  N.  CRAIG 

Applied  Phygiology  Branch,  Phyaioiogy  DivUion 
Directorate  of  Medical  Research 
U.  S.  Army  Chemical  Warfare  Laboratories 
Army  Chemical  Center,  Md. 

In  hifl  opening  remarks  Dr.  Spector  raised  the  question  of  reserves  and 
how  performance  is  affected  when  reserves  are  low.  In  the  case  of  a  man 
walking  on  a  treadmill  the  pace  is  fixed  and  the  choice  is  restricted  to  stop¬ 
ping  or  continuing.  Although  the  decision  to  stop  is  based  partly  on  motiva¬ 
tion  and  partly  on  the  physiological  state,  our  concern  is  with  the  latter. 
\\^hat  we  would  like  to  establish  is  the  physiological  basis  for  the  decision 
to  stop  under  a  range  of  experimental  conditions  in  which  the  motivation 
to  continue  is  assumed  to  be  constant,  or  at  least  is  not  intentionally  altered 
by  the  exi>erimenter.  I  shall  summarize  the  results  of  some  testa  referred  to 
yesterday  that  have  been  reported  in  greater  detail  elsewhere  (6.  7.  8.  9). 

The  data  were  derived  from  66  measurements  on  three  pairs  of  men. 
Kach  pair  wa.H  traineni  to  walk  on  the  treadmill  in  the  heat  for  two  weeks,  and 
then  silent  four  weeks  on  the  tests.  The  conditions  varied  from  pair  to  pair, 
but  for  the  whole  series  ranged  as  follows: 

Metabolic  rate;  from  160  to  298  Cal/m^/hr 

Room  tem|>erature;  from  22  to  41®  C 

Room  humidity;  from  4  to  26  mm  Hg  w-ater  vapor  pressure 

Conductance  of  insensible  heat  of  clothing  assemblies  and  air  layer; 

from  1  to  7  Cal/ M 2/ hr /mm  Hg  of  writer  vapor  pressure  gradient 

Each  man  walked  once  a  day  until  he  felt  he  could  not  continue.  The  dura¬ 
tion  of  the  walk  was  called  the  voluntary  tolerance  (Tm  in  minutes  or  Th 
in  hours).  During  the  walk  frcKjuent  measurements  were  made  of  skin  and 
rectal  temperatures,  and  heart  rate.  The  nude  weight  loss  was  recorded  as  a 
measure  of  sweat  production. 

It  was  assumed  that  the  physiological  index  most  nearly  constant  over 
the  range  of  tolerance  times  would  be  the  one  most  closely  related  to  the 
decision  to  stop  walking.  In  order  to  examine  the  data  from  this  standpoint, 
the  indices,  listed  in  Table  1  were  plotted  against  Tm  and  a  best  fitting 
straight  line  derived  according  to  the  general  formula 

Index  —  a  ±  b  Tm 

where  a  is  the  intercept  and  6  the  slope.  The  mean  value  of  each  index, 
the  standard  deviation  of  each  observation  from  the  line,  and  the  slope 
for  each  index  are  given  in  Table  1  wdth  a  yes  or  no  for  significance  of 
the  slope  within  19/20  confidence  limits. 

Significant  slopes  were  obtained  in  the  case  of  sweat  production,  final 
heart  rate,  and  final  skin  and  rectal  temperatures.  The  rise  of  mean  body 
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temperature  and  of  rectal  temperature  remained  aa  the  most  promising 
indices. 

In  order  to  ei^tend  the  range  of  the  conditions,  the  data  of  Blockley 
and  his  co-workere  (2.  4.  5.  7)  on  12  resting  men  were' treated  in  a  similar 
fashion  in  Table  2.  A  significant  slope  was  obtained  in  the  case  of  final 
rectal  temperature;  this  left  rise  in  mean  body  temp<i>rature  as  the  favored 
index. 

It  is  concluded,  then,  that  the  decision  to  stop  is  made  when  the  mean 
body  temperature  has  risen  by  a  critical  amount.  Since  this  ia  the  basic 
datum  in  the  caluclation  of  heat  storage,  the  results  establish  that  the  heat 
load  (So)  is  constant  at  the  end  of  tlie  tolerance  time.  The  slope  of  Sa 
plotted  against  tolerance  time  was  not  significantly  different  from  zero  so 
that  equation  ( 1 )  reduces  to 

Sa  —  a  constant  >=  S  z  Th 
where 

S  —  rate  of  heat  storage  in  Cal/m?/hr 
Th  —  tolerance  time  in  hours 

S  is  defined  independently  by  a  modification  of  the  heat  balance  equa¬ 
tion 

S  —  M  —  Ct(ts-te)  —  Cp(ps-pe) 
where 

Heat  production  in  Cal/m?/hr 

Conductance  of  sensible  heat  by  clothing  and  air  layers 
in  Cal/m^/hr/oC  of  temperature  gradient 

environmental  temperature,  in 

skin  temperature  averaged  over  both  body  area  and  time 
in 

Conductance  of  insensible  heat  by  clothing  and  air  layers, 
in  Cal/m-/hr/mm  Hg  of  water  vapor  pressure  gradient 
across  the  suit 

water  vapor  pressure  of  the  environment  in  mm  Hg 
water  vapor  pressure  of  the  skin  in  mm  Hg. 

Hence  we  are  in  a  position  to  relate  the  duration  of  performance  of  work  of 
a  given  intensity  (M)  to  the  conditions  of  heat  (te),  humidity  (pe)  and 
clothing  (Ct  and  Cp).  A  detailed  treatment  for  tlie  practical  application  of 
this  relationship  has  been  worked  out  by  Blockley,  McCuthan,  and  Taylor 
(3). 

The  choice  of  a  physiological  strain  index  depends  somewhat  on  the 
conditions  of  performance.  In  a  task  to  be  carried  out  for  a  period  of  four  or 
eight  hours,  the  work  output  must  l^e  adjusted  to  the  temperature,  humidity, 
and  clothing  conditions  so  that  heat  loads  do  not  accumulate  or  can  be 
gotten  rid  of  during  normal  rest  periods.  Here  sweat  production  may  be  a 
useful  index  (1)  and  body  water  available  for  sweat  formation  becomes 


M  - 
Ct- 

te  — 
ts  - 

r- 

Cp- 

pe  - 

pt  - 


199 


1  t  t  !  1 


o 

d 

4- 


o 

•.’2JS  «  ^  oo  S 

pSOoddddd 
crj 


200 


tho  criticnl  item  of  reserve.  The  present  treatment  will  be  most  applicable 
in  more  acute  ex|)osures  to  heat  when  thermal  f^quilibrium  cannot  be  main¬ 
tained.  Here  the  specific  heat  of  the  body  is  the  critical  item  of  reserve. 
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SOME  FACTORS  AFFECTING  FOOD  REQUIBENENTS 

IN  THE  ARCTIC 

J.  LeBLANC 

Directorate  of  Medical  Research,  Chemical  Warfare  Laboratories 
Army  Chemical  Center,  Maryland 

Under  arctic  conditions  a  |)erson  may  become  extremely  uncomfortable. 
I  agree  with  Dr.  Johnson  that  it  is  quite  possible  for  a  castaway  to  experi¬ 
ence  the  severity  of  the  environment  and  to  require  for  that  reason  an  extra 
amount  of  food.  On  the  other  hand,  for  a  person  equipped  to  live  in  the 
Arctic  the  calorie  requirements  are  not  much  higher  than  they  would  be 
under  more  temperate  climates,  and  I  agree  in  this  respect  with  the  known 
views  of  Dr.  Rodahl  on  this  subject  I  believe  that  we  have  enough  evidence 
to  prove  tliis  point 

First,  we  know  that  the  average  windchill  for  the  arctic  winter  is  about 
1780.  which  corresponds  to  a  still  shade  temperature  of  —40°  F.,  to  use 
Burton’s  terminology  (1).  A  |H»rson  wearing  four  clos.  which  is  equivalent  to 
the  insulation  of  the  military  arctic  suit,  and  doing  moderate  exercise, 
e<]uivalent  to  walking,  would  remain  comfortably  warm  at  temperatures  as 
low  as  — 60^  F.  At  nighttime  the  decreased  heat  production  will  be  com¬ 
pensated  by  the  extra  insulation  afforded  b>  the  sleeping  bag  and  by  the 
protection  from  the  wind  provided  by  the  tent.  It  is  for  these  reasons  that 
shivering  is  very  seldom  encountered  under  the  conditions  I  have  just 
described.  The  hobbling  effect  of  clothing  does  increase  the  calorie  require¬ 
ments  by  more  than  approximately  100  calories  per  day  (2).  Finally,  the 
cost  of  walking  over  arctic  tundra  does  not  seem  to  be  greater  in  the  winter 
than  in  the  summertime,  as  shown  in  table  1.  For  th€?se  reasons  and  because 
of  actual  measurements  of  food  intake  and  energy  expenditure  which  I  have 
summarized  recently  (3).  the  calorie  requirements  are  much  the  same  in 
the  Arctic  as  they  are  in  the  Subarctic  or  Temperate  Zone  and  are  equiva¬ 
lent  to  about  3900  cal/man/day  for  soldiers  engaged  in  simulated  military 
exercises.  Since  we  are  talking  of  performance  capacity,  I  would  conclude 
that  generally  no  extra  food  is  required  to  maintain  a  person  operational 
in  the  Arctic. 

However,  there  may  be  a  great  deal  of  incapacitation  due  to  an  arctic 
environment.  I  have  in  mind  the  local  effect  of  cold.  We  know,  for  instance, 
that  chilling  of  the  extremities  will  decrease  manual  dexterity,  and  frostbite 
is  a  cause  of  great  concern  in  the  Arctic.  Fortunately,  humans  are  able  to 
acquire  an  increased  resistance  to  cold  by  repeated  exposures.  This  is 
especially  true  for  the  extremities  (4)  although  we  have  been  able  to  obtain 
some  indication  that  the  whole  body  is  also  able  to  get  acclimatized  (5). 

1  would  like  to  add  that  one  of  the  main  problems  in  trying  to  deter¬ 
mine  the  effect  of  nutrient  deprivation  on  performance  capacity  is  to  decide 
on  the  appropriate  test  to  use.  For  instance,  in  the  case  of  vitamin  C, 
nutritionists  are  reluctant  to  abandon  the  theory  that  larger  doses  of  this 
vitamin  are  needed  by  men  exposed  to  cold.  The  work  of  Dugal  and  his 
group  on  laboratory  animals  and  our  own  work  on  humans  exposed  to  cold 
and  fed  a  low-calorie  diet  provided  some  objective  and  subjective  evidence 
of  a  beneficial  effect  of  vitamin  C.  While  no  incontrovertible  evidence  is 
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available,  the  poatibility  remaina  that  we  are  not  measuring  the  proper 
responses,  that  we  are  not  giving  the  vitamin  a  fair  trial.  This,  of  course, 
may  be  true  for  a  diversity  of  nutrients. 

TABLE  1. 

Heart  rate  variations  in  subjects  walking  at  different  speeds  over  hard 
snowcovered  tundra  in  winter  and  hummocky  dry  terrain  in  summer. 


Speed 

Winter  (18)* 

Summer 

(8) 

2.3 

102  ±  12** 

98  ± 

12 

2.85 

114  ±  13 

110  ± 

13 

3.40 

125  ±  12 

124  ± 

14 

•  Number  of  test  subjects 
**  Standard  deviation 
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THE  EFFECTS  OF  IONIZING  RADIATION  UPON  THE 
PHYSICAL  PERFORMANCE  OF  ANIMALS 


DONALD  J.  KIMELDORF 
Division  of  Biological  and  Medical  Sciences 
U.  S.  Naval  Radiological  Defense  Laboratory,  San  Francisco 

The  effect*  of  ionizing  radiation  upon  performance  and  fitness  in  man 
are  largely  unknown.  Accidental  exposures  and  the  atomic  weapomi  casual¬ 
ties  in  Japan  have  provided  some  information  which  will  be  discussed  later. 

It  has  been  possible  to  determine  the  efTiKrts  of  ionizing  radiation  upon 
the  performance  of  experimental  animals  under  well-controlled  laboratory 
conditions.  I  would  like  to  summarize  some  of  the  observed  changes  in 
performance  and  comment  uix>n  some  interpretations  which  may  be  based 
on  these  studies.  The  methodology  employed  in  testing  has  been  described 
in  a  previous  si^ssion  of  this  conference. 

'rhe  effects  of  whole-body  X -irradiation  upon  the  performance  of  rats 
in  an  exhaustive  swimming  exercise  test  was  studied  for  several  weeks  after 
irradiation  (8).  Pre- irradiation  performance  t*«ta  were  made  on  male 
littermate  rats  daily,  five  times  per  week,  during  two  weeks  prior  to  radia¬ 
tion  expo.sure.  Animals  were  then  distributed  into  two  groups  for  each 
ex|K»riment.  One  group  (controls)  was  sham-irradiated,  while  the  other 
was  irradiated  with  250  KVP  x-rays  on  Monday  of  the  third  week  of  testing. 
Radiation  ex|)08ure  dose.i  of  300  to  10(X)  roentgens  (r)  were  used.  In  describ¬ 
ing  the  changes  in  performance,  all  swimming  times  for  each  animal  were 
calculated  as  percentages  of  the  individual’s  average  time  for  the  second 
pre-irradiation  wcM^k.  In  this  manner  each  irradiated  animal  served  as  its 
own  control,  and  the  extent  of  relative  change  in  performance  among  dif¬ 
ferent  animals  could  be  compared.  In  addition,  the  performances  of  irradi¬ 
ated  groups  were  compared  with  those  of  non- irradiated  groups  for  corres¬ 
ponding  swimming  trials.  The  performances  of  animals  surviving  radiation 
exposure  and  the  repeated  exhaustive  exercise  tests  are  .summarized  in 
figure  1.  Radiation  exi(X)sure  depressed  |X‘rformance  in  this  test,  and  the 
magnitude  of  depression  was  related  to  the  size  of  the  x-ray  dose.  Perform¬ 
ance  scores  were  at  a  minimum  during  three  to  five  weeks  after  irradiation. 
Irradiated  animals  surviving  the  period  of  testing  recovered  sufficiently 
by  the  ninth  week  after  irradiation  to  attain  theiir  pre-irradiation  perform¬ 
ance  levels,  although  they  were  not  identical  in  p>erformance  with  concur¬ 
rently  tested  non-i eradiated  animals. 

An  interesting  relationship  is  suggested  by  an  analjrsis  of  the  perform¬ 
ance  for  non-surviving  irradiated  animals  in  relation  to  the  post-irradiation 
survival  time  (figure  2).  It  can  be  observed  that  animals  which  had  ’’normal” 
performance  scores  died  during  the  first  week  following  irradiation,  and  that 
the  decrease  in  performance  was  related  to  the  lengthening  of  survival  time. 

The  frequency  of  the  exercise  of  this  t3rpe  likewise  alters  the  prognosis 
for  survival  following  radiation  exposure  (9).  When  animals  were  exercised 
by  swimming  to  exhaustion  daily  after  irradiation,  there  occurred  a  greater 
mortality,  with  more  deaths  at  lower  doses,|  than  with  irradiation  alone. 
The  calculated  median  lethal  dose  of  x-rays  for  non-exerdsed  animals 
was  28  percent  higher  than  that  calculated  for  exercised  irradiated  animals. 
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Fig.  1.  Difference  between  exhaustive  exercise  performance  of  non- 
irradiated  and  surviving  grcuips  for  each  week  where  performance  is  ex¬ 
pressed  in  percent  of  2nd  wec^k's  performance  time. 
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Fig.  2.  Post- irradiation  survival  time  as  a  function  of  exhaustive 
exercise  of  decedent  animals  during  the  week  of  death.  Performance  values 
are  the  means  for  all  animals  dying  during  a  given  week  regardless  of 
radiation  dose. 
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Exercise  of  lesser  intensity  than  that  evoked  by  swimming,  such  as  walking 
on  a  motor-driven  treadmill,  does  not  appear  to  alter  post- irradiation  sur¬ 
vival  (11).  Tliese  findings  with  l€»Hs  intensive  exercise  have  also  been  con¬ 
firmed  in  our  laboratory. 

A  loss  in  body  weight,  lymphoid  tissue  involution,  as  well  as  adrenal 
hy|)€*rtrophy  are  among  the  consequences  of  x-irradiation  in  the  rat.  These 
responses  are  prompt  and  generally  subside  during  the  30-day  post-irradia¬ 
tion  |>eriod.  The  im|X)sitiun  of  daily  exhaustive  swimming  exercise  after 
irradiation  (7)  inducc*s  a  repres.sion  of  recovery  rather  than  an  accentuation 
of  radiation  efT«'cts.  It  ap|)ears  that  the  increa.ied  mortality  with  rej>eated 
exhau.Htive  exerci.'W'  after  irradiation  may  be  explicable  in  terms  of  the  in¬ 
ability  of  the  irradiated  animals  to  co|>e  with  the  additional  stress  of  ex¬ 
haustive  exercLse. 

The  efTt*ct  of  whole  htnly  acute  x-ray  exiwjsure  iijicn  voluntary  physical 
activity  of  the  adult  male  rat  has  been  investigated  (4).  Under  controlled 
conditions  of  light,  temperature,  and  sound  level,  the  daily  volitional 
activity  of  each  animal  was  r€*corded  for  cr^nsecutive  periods  as  long  as  11 
weeks  after  irradiation.  The  n^sults  for  animals  »iir\iving  radiation  exposure 
are  summarized  in  figure  3.  At  all  doses  studied  there  was  an  abrupt  de¬ 
pression  of  activity.  'I'his  intial  decrease  in  activity  was  immediately  followed 
by  a  period  of  rectnery  (increasing  activity).  At  200  and  300  r,  recovery  was 
complete  within  five  days  after  irradiation,  and  there  was  no  further  dis¬ 
cernible  efTect  of  irradiation  u|>on  volitional  activity.  At  dcst*s  of  400  r  or 
greater,  there  was  a  8ec*ond  decrea.se  in  activity,  with  minimum  activity 
during  the  third  week  after  irradiation.  The  time  necessary  for  survivors 
to  complete  recovery  from  this  second  decrease  in  activity  appeared  to  be 
|)ro|x)rtional  to  the  x  ray  dosi*.  When  animals  dic'd  within  the  first  nine 
days  after  irradiation,  their  activity  decreased  continuously  from  the  time 
of  irradiation  until  death.  With  decedents  which  survived  longer  tlian  nine 
days,  the  initial  decrea.se  in  activity  was  followed  by  some  recovery  and  then 
by  a  second  dccrea.se  in  activity  which  continued  until  death. 

Decrease*  of  voluntary  physical  activity  is  an  especially  sensitive  re- 
sjwn.se  to  radiation  exi)osure  since  it  is  significantly  reduce*d  by  radiation 
doses  of  50r  (x-rays  25  r/min).  Modification  of  the  radiation  syndrome 
by  partial  bexly  irradiation  (5)  and  the  use  of  bone  marrow  injcK:tions  (6) 
attcnuatc*s  the  changes  in  activity  and  sugge^sts  that  voluntary  activity 
deficiencies  are  correlated  with  gastrointestinal  injury  and  disturbances  in 
bone  marrow  function. 

The  effects  of  repeated  exposure  to  small  radiation  doses  upon  voluntary 
physical  activity  have  been  studifxi  as  well.  When  rats  were  exposed  periodi¬ 
cally  to  small  doses  of  x-rays  (50-100-150  r,  25r  min)  or  gamma  rays  at  low 
intensities  (60  r  7.5  r/hr.,  75  r  at  3.1  r/hr.)  activity  was  depressed  for  one 
to  two  days  following  most  exposures.  However,  no  cumulative  effects  were 
apparent  over  15  conscxrutive  weeks  of  measurement  (10). 

Corollary  studies  have  been  made  of  diffuse  physical  activity  to  examine 
the  reliability  of  generalizations  concerning  radiation-induced  malaise 
observed  in  volitional  activity  studies  The  apparatus  and  technique  of 
measurement  were  described  previously.  The  diffuse-activity  response  of 
the  rat  following  x-irradiation  was  similar  to  volitional  activity  response 
(figure  4).  There  were,  however,  some  differences  in  the  degree  and  duration 
of  change  (2).  The  depression  in  performance  on  the  day  immediately  fol- 
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Fig.  3.  Effect  of  single  whole  body  exposures  to  x-rays  upon  the  daily 
voluntary  physical  activity  of  surviving  adult  male  rats. 
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Fig.  4.  Effect  of  single  whole-body  exposures  to  x-rays  upon  the  daily 
diffuse  physical  activity  of  surviving  and  non-surviving  adult  male  rats. 


DAYS  POST- IRRADIATION 


lowinfT  irradiation  appeared  to  be  greater  in  volitional  activity  for  comparable 
radiation  doses.  Following  exposure  to  doses  in  high  sublethal,  lethal,  and 
supralethal  ranges,  lowest  values  occurred  on  the  first  day  in  volitional 
activity  and  on  the  third  day  in  difTu.Ho  activity.  The  second  decrease,  which 
began  during  the  second  week  in  volitional  activity  following  sublethal 
and  lethal  exiKJSures,  was  observed  in  diffuse  activity  performance  only  after 
exijosure  to  a  mid-lethal  do.se.  The  magnitude  and  duration  of  the  second 
decrease  in  diffu.se  activity  of  survivors  was  not  as  great  as  in  volitional  ac¬ 
tivity  following  a  comparable  dose. 

It  was  also  found  that  neither  the  magnitude  or  the  time  course  of 
the  initial  dtcrea.se  in  diffuse  activity  of  ham.sters  and  guinea  pigs  appeared 
as  great  a.s  those  olwervcxl  for  the  rat  for  comparable  radiation  exposures. 
The  difference  in  re.^iKin-se  appears  to  he  relatc*d  to  the  greater  radiosensi¬ 
tivity  of  the  gastrointestinal  tract  in  the  rat.  The  rat  more  closely  resembles 
man  in  terms  of  gastrointestinal  resi)onse. 

The  dose  of  radiation  need  not  Ik*  large  to  affect  performance  in  rodents 
since  exi>08ure  to  a  do>c  .n.s  low  as  50r  of  x-rays  is  capable  of  di.sturbing 
the  activity  pattern.  Likevvi.s«‘.  performance  deficiencies  are  not  critically 
depen<lent  u^xm  the  specific  type  of  ionizing  radiation  since  both  x-rays 
and  gamma  rays  are  effective.  Changes  have  been  observed  at  various 
energies  and  over  a  wide  range  of  dose  rates. 

A  reduction  in  physical  activity  apj)ears  to  be  a  general  response  to 
radiation  exfiosure  since  it  h.as  l>een  observed  in  rats,  hamsters,  and  guinea 
pigs  and  has  Ixen  descrilxHl  clinically  as  a  symptom  of  radiation  sickness 
in  patients.  It  may  lx*  rtxialltxl  from  the  study  of  swimming  endurance 
that  performance  times  were  normal  immi*diately  following  irradiation  and 
gradually  dt'creased  to  a  minimum  performance  during  the  third  and 
fourth  weeks.  However,  the  performance  of  voluntary  and  diffuse  physical 
activity  was  depressed  sharply  during  the  first  week.  Since  rats  are  capable 
of  performing  normally  in  an  exhaustive  exercise  test  immediately  following 
irradiation,  it  can  be  presumcxl  that  the  initial  depression  in  activity  per¬ 
formance  is  relattHl  to  a  decreased  motivation  for  activity  rather  than  a 
lowered  ability  to  perform. 

There  appears  to  be  a  remarkable  degree  of  similarity  between  the 
biphasic  time  course  of  changes  in  volitional  activity  performance  in  rodents 
and  some  .of  the -{ihenomena  rejicrtcHl  to  occur  in  man  following  whole  body 
exposure  to  ionizing  radiations.  The  Japanese  casualties  of  atomic  weapons 
<*\hibit<*<l  a  radiation  .syndrom**  which  includ(*<l.  in  the  initial  pha.se.  malai.se. 
nausea,  vomiting,  and  prostration.  This  was  followed  by  a  relatively  symp¬ 
tom-free  period  lasting  from  several  days  to  three  weeks.  A  second  phase 
of  symptoms  then  occurred,  including  fever,  malaise,  hemorrhage,  and  in¬ 
fection.  The  severity  of  each  phase  was  related  to  lethality  of  the  estimated 
dose,  and  deaths  occurrerl  during  the  first  phase,  with  highly  lethal  expo- 
sure.s.  or  during  the  .second  pericxl  of  illne.ss  with  mid-  to  low-lethal  levels 
of  exfK)sure.  With  sublethal  exposure,  only  the  initial  period  of  symptoms 
was  present  with  little,  if  any.  of  the  second  phase  (2).  Hempelmann  and  his 
colleagues  (3)  have  documented  observations  on  patients  accidentally  ex¬ 
posed  to  ionizing  radiation  and  have  found  that  the  symptoms  generally 
conformed  to  the  pattern  of  the  acute  radiation  syndrome  observed  in  the 
Japanese.  It  may  he  recalled  that  exi>osure  of  rodents  to  sublethal  radiation 
doses  produced  only  an  initial  depression  in  activity.  As  the  radiation  dose 
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wns  incrrast-ii.  the  initial  depression  in  activity  hccamo  picator,  and  con¬ 
currently  a  second  depn'ssion  appeared  durinf;  the  second  to  third  week 
after  exposure.  Rats  that  ditnl  after  the  first  week  exhibited  some  rc*covcry 
from  the  initial  decline,  while  rats  that  died  during  the  first  week  exhibited 
a  continuous  dneiiin'  in  (!(*ai!i.  It  i.s  apparent  from  these  obserNations  that  the 
pattern  of  e.ctivity  iHTformanee  in  nxJents  is  very  similar  to  the  sequence 
of  events  in  man  following  ex|)osure  to  radiation  levels  comparable  in  the 
extent  of  lethality  evokcKl. 
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PERFORMANCE  CAPACITY  UNDER  CONDITIONS 
OF  CHEMICAL  WARFARE 


F  N  CRAIO 

Applied  Ph\’sinloi>v  Hrunrh,  Physiology  Division 
Directorate  of  Mediral  Resenrck 
I/.  S.  Army  Chemical  Warfare  Laboratories 
Army  ('hemical  Center,  Maryland 

Sinro  many  fh^miral  warfare  aK<’nts  art*  (Irsif^noil  to  protiuco  death  or 
inrajuiritnlion.  it  wtaild  he  reasonable  to  expi*^^  to  find  a  ranKe  of  dosage 
in  which  larj^e  or  small  denemehts  in  perfonnance  could  lx*  prmiucefi  at  will. 
I inforlunately,  our  |)rc‘<K*cupati«»n  with  ca.sualty  estirnat^•s  has  left  little  time 
for  studies  on  performance.  However,  advance.s  in  instrumentation  are 
exf)fH*ttHl  to  contribute  to  tlir  investi^'ation  of  the  energy  requirements  of 
work  under  field  t'onditions.  Within  the  next  year  we  hope  to  perfect  an 
instrument  for  recordinR  the  instantan(M)Us  flow  and  hence  the  volume  of 
respired  air.  'I'he  tlevice  will  consist  of  a  sensing  element  mojntc^d  on  an 
oro-na.siil  mask  small  enough  to  Ih*  worn  under  the  Service  gas  ma.sk.  The 
object  of  this  device  is  to  measure  the  volume  of  air  inhaled  during  a  sur¬ 
prise  ga.H  attack  in  tlu*  fracti«)n  of  a  minute  before  the  gas  mask  can  lx‘  put 
on. 


.Aside  from  this  there  is  one  rcK'ent  study  on  GB.  the  anticholinesterase 
ner.e  gas.  that  should  lx*  cite<l  (7).  After  a  very  low  dose  by  inhalation, 
with  the  eyes  cover«sl,  it  has  Ix'cn  found  that  the  visual  threshold  in  the 
dark  adapte<i  eye  was  increascxl  significantly,  even  when  an  artificial  pupil 
was  used  to  .screen  out  effects  clue  to  meiosis.  Although  this  is  a  highly 
sjxH'iali/ed  functic'n.  it  would  have  a  bearing  on  a  variety  of  operations 
c'onducteti  in  dim  light. 

The  defensive  aspc'ct  of  chemical  warfare  has  given  ri.se  to  more  studies 
on  p<*rformance  than  the  cyffensive  aspect.  Earlier  this  afterncxm  I  described 
in  general  terms  the  relationship  Ixtween  heat  storage  and  work  perform¬ 
ance.  To  this  could  b<*  added  the  considc  ratic»n  of  the  insulation  factors  of 
clothing  a.ssemblies  u.seti  to  prot«M:t  against  chemical  warfare  agents. 

The  spc'cific  effect  of  one  component  of  the  assembly,  the  protective 
gloves,  on  manual  dexterity  has  also  Ixen  studied  (6).  Several  laboratory 
tasks  commonly  used  by  psychologists  were  employed  together  with  one 
military  task.  When  the  hand  was  gloved,  significant  correlations  were 
obtained  between  all  of  the  laboratory  dexterity  tasks,  but  no  lalx)ratory  task 
correlated  signific'antly  with  the  military  task.  This  finding  appears  to  be  in 
agreement  with  the  view  of  K.  U.  Smith,  expressed  this  morning,  that  the 
intercorrelalions  between  difTerent  types  of  neuromotor  performance  are 
generally  very  low. 

Although  information  regarding  a  variety  of  tests  on  individuals  wearing 
protective  equipment  has  been  summarized  recently  (1),  when  a  question 
arose  alwut  a  complex  task  involving  GO  men,  it  was  difficult  to  find  a  basis 
for  predicting  what  would  happen  when  the  men  had  to  perform  the  task 
while  wearing  protective  clothing.  The  task  was  the  assembly  by  Engineer 
Corps  troops  of  a  sectional  Bailey  bridge  60  feet  long.  It  was  only  by  having 
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tho  hricise  built  six  times,  throe  times  without  aud  three  times  with  pro¬ 
tective  clothing,  including  cloves,  mask,  and  hood,  that  we  were  able  to  get 
some  idea  of  whai  might  happen.  The  protective  gear  increaited  the  time 
requirtnl  to  build  the  bridge  by  a  substantial  amount.  The  decrement  in  per¬ 
formance  may  lx?  attributed  to  such  things  as  interference  with  verbal 
communications  and  manual  dexterity  rather  than  to  any  effect,  on  the 
capacity  for  muscular  work.  Hard  muscular  work  was  required  to  lift  and 
carry  the  side  frames  of  the  bridge  and  to  advance  the  bridge  on  rollers 
after  the  addition  of  each  section,  but  extreme  exertion  was  required  for 
only  short  time's.  Interv'ening  operation»«  gave  ample  time  for  recovery  (9). 

The  gas  ma.sk  provides  an  interesting  illustration  of  the  difficulty  of 
a,s.sessing  the  effc'cts  of  external  8tres.s  on  performance.  In  running  for  dis¬ 
tances  of  a  half  mile  (5)  or  a  mile  (4).  over  the  ground,  the  time  rcK^uired 
to  co%’er  the  distance  was  increasuvl  by  about  one-tenth  by  wearing  the 
mask.  On  the  other  hand,  in  work  of  about  the  same  intensity  or  somewhat 
less,  in  which  the  intensity  was  fixed,  as  on  a  treadmill  (8)  or  bicycle 
ergorneter  (2.  3).  there  was  no  demonstrable  effect  of  the  gas  mask  on 
endurance  time,  in  trained  subjects.  These  observations  raise  the  question 
of  whether  there  may  not  be  a  difference  in  the  effect  of  a  stress  on  per¬ 
formance.  doi>onding  on  whether  the  subject  has  control  of  his  rate  of 
work  output. 
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Sodium  rotention  and  urino  wncontration  woro  notod  in  tho  study  of 
combat  stroHS  in  Korea  (G).  In  this  same  study  when  ACTH  was  ad- 
mi  iiistcnHl  to  infant rynu*n  aft«‘r  the  stn*ss  of  five  days  t)f  dcftMisive  action, 
no  nicasurahlo  increases  in  urinary  17-  bydrf>xycortii*oHteroid  (I7-OHCS) 
and  17-ketosteroid  (17-KS)  excretion  w€»re  (»lwK*rv<Hl;  however,  there  was 
a  marktsi  siHlium  retention.  Prior  to  ACTH  administration  the  sample.s  were 
als4)  low  in  17  0HCS  and  17-KS  values.  The  inf<*rence  was  drawn  that  al¬ 
though  the  adrenal  cortex  was  non-respon.sive  to  ACTH  with  rejiard  to 
17-OIICS  and  17  KS  ex(Tetion.  thr  filnnd  did  srrrrtr  snmr  hormone  hariufi 
sodtttm  rctaininfj  ortivitv.  C<)rticosterone  and  aldo.sterone  were  two  steroids 
considertsl  as  |)o.ssihle  candidate's  since  both  are  involvisl  in  electrolyte 
mt*tal)olism  Several  psychiatric  <*nsu;dties  amonji  the  infantrymen  were 
.list)  treattsi  with  Af''rH  These  siibi«*cta  sHovvmJ  a  greater  than  normal 
resfxmse  in  17-KS.  no  n'sponse  in  IT-OHCS,  with  markisl  scKlium  retention. 
Rtcently  otir  lalHirntories  (lO)nnd  Venning  and  her  as.Hociates  (19)  have 
indt'pentiently  ohsentsi  that  in  certain  anxiety  states  there  is  an  increased 
excretion  of  ihe  fxnverfid  stKlium-retainin}.'  steroid,  ahlosterone 

This  presentation  will  b<»  concerni'<l  with  aldosterone  excretion  in  vari¬ 
ous  anxiety  states.  In  a  few  cases  data  on  the  excretion  of  epinephrine  (E). 
norepinephrine  (NE).  I7-0HCS  and  17-KS  in  addition  to  aldosterone  arc 
pre.s«*nted. 

Method.  Sevt-rnl  extraction  procedures  for  urinary  aldosterone  were 
u.sed.  In  the  initial  method  (I)  21-hour  urine  sample  was  continuou.sly 
extrnct(‘<l  for  2*1  hours  with  methylene  dichloride  at  pll  1.0  and  sul>se<juently 
chromatofjrammcsl  in  a  propylene  glycol -toluene  system  with  elution  of  the 
corti.sol  zone  (3).  This  methcxl  was  modified  (11)  to  include  a  sinxind  24-hour 
peri(Kl  of  continuous  extraction  Further  improvement  (III)  ('onsiste<l  of  a 
('tuitinuous  rotary  extraction  for  24  hours  at  nnim  temperature  at  pH  1.0 
with  methylene  dichl<»ridr.  and  subsequent  hand  t-xtractii)n  with  a  fresh 
|)ortion  of  .solvent  Silica  pel  column  chromatography  descril)ed  by  Neher 
and  Wettstein  (H)  was  then  i)erform*Hl.  followed  by  the  ethylene  glycol- 
toluene  paper  cbn»matogrni)hic  separation  described  by  Nowaezynski  (12). 
Tho  extraction  ami  separation  of  ahlosterone  by  Method  III  is  Ruj)erior 
to  the  other  two  metluKls  or  to  the  additional  use  of  the  Bush  System  (4) 
in  Methods  I  and  II  The  extract  prepared  for  bioassay  is  cleaner  in  ap¬ 
pearance.  All  .samples  were  hioassaycxl  for  sodium- retaining  properties  in 
adrenalectomized  rats  according  to  the  method  describc?d  by  Cook  and 
Elmadjian  (5). 

I7-OHCS  wa.s  determinenl  after  B- glucuronidase  hydrolysis  according  to 
the  method  of  Silber  and  Porter  (18)  and  17-KS  were  determined  by  the 
method  described  by  Pincus  (13). 

E  and  NE  were  extracted  by  the  adsorption  method  of  von  Euler  and 
Hellner  (20)  and  bionssayed  according  to  method  of  Gaddum  and  Lembeck 
(9)  as  described  in  our  previous  publications  (7). 

Results.  Data  on  aldosterone  excretion  obtained  with  Method  I  are 
presented  in  Table  1  (10).  The  normal  mean  value  was  2.4  pg/24  hrs.  The 
chronic  schizophrenics  showed  an  average  excretion  of  1.1  pg/day.  Ten 
urine  samples  of  the  group  had  no  measurable  amounts  of  aldosterone.  The 
acute  schizophrenics  and  the  non- psychotic  subjects  with  anxiety  symptoms 
showed  elevated  aldosterone  values. 

The  question  was  raised  as  to  whether  chronic  schizophrenics  did  in  fact 


218 


show  no  al(iost€T»‘n«*  oxcretion.  Onr  possihlo  (>x[)lnnation  was  that  none 
would  Ih*  detfH'tcHl  with  the  partinilar  extraction  procinlure  employt*<i.  A 
Second  2-l-hour  continuous  extraction  «)r  a  hand  extraction  was  institute<l  in 
addition  to  the  first  24  houi  continui>us  extraction.  We  olwerved  that  an 
additional  amount  of  aldostc^rone  was  extractable  by  thi.s  procedure.  The  data 
ohtaiiKsl  with  Methods  II  and  III  are  presenttnl  in  Table  2.  The  mean  value 
for  normal  suhjtH'ts  was  now  raise<i  to  4.1  pK/24  hrs.  Scdiizophrenic  subjects 
showtnl  a  wide  rarme  of  value's  with  a  mean  of  4  4  pK/24  hrs.  Neither  acute 
nor  chr(»nic  schizophrenia  influenceel  the*  (*xrretion  rate  of  aldosterone,  and. 
as  far  as  could  lx»  a.scertain<Hl.  the  rate*  of  excretion  was  influe*nc*<*d  only  by 
the  emotional  state  of  the  subject  at  tb.e  time  of  .sampling. 

In  Table  3  an*  pr«*.s»*nt<*<i  data  on  17  KS.  17-OHC.S,  E  and  NE  in 
additieui  fo  nldoste‘rone  excretion  in  24  hour  urine  .sample's  on  the  Kroup  of 
subjects  in  anxie*ty  states.  The*  individuals  are  those  include'ei  under  '’I'able*  I. 
'fhe  dese'ription  e)f  e*ach  subje'ct  is  }iiv»‘n  in  Table  III.  .All  subjf'cts  showed 
hi^:h  daily  levels  of  aldostt'rone  e*xrretion.  The*  e)ther  criteria  of  adrenal 
Klund  activity  w'e*n*  unre*Iate<l  to  aldoste*roi'.e*  e*xcretie»n. 

In  'rahle  4  are*  the*  elata  ohtaine'el  fre>m  six  adelitiesnal  subj€»cts  with 
psychone‘urosis.  We*  neite*  that  thre'e*  e)f  the*se*  subjects  with  anxiety  neurosi.s 
she)we*ei  an  eb*vate*<l  iiIeioste*re>ne*  e'xcre'tiem,  twee  haei  normal  valuers,  and  one 
she>we*<l  no  mea.su rable  J»mount  e>f  aleie).ste*rone  Brief  clinical  de.s4*riptie)ns 
e»f  re*pre*.se*ntative*  case's  are*  Kivt*n  Ih*Iow. 

Case  Histeiry:  Sw. 

This  patient  was  first  aeimitteel  to  the*  New  England  Me*dical 
Center  in  the*  summer  eif  194()  when  she*  was  19  years  of  ase.  She 
•was  refer re'<l  to  the  he>spital  e>n  this  ocx'asion  feir  endex'rine  evalu¬ 
ation.  I)ecau.se  e>f  ameneirrhea  Afte*r  a  thortiuRh  work  up,  a  diagnosis 
of  .sexual  undeveleipment  was  made,  and  .she  was  placed  e)n  medica- 
tiein  with  thynuel  anel  Still>e*ste*rol  'Fhe  therapy  was  effe*ctual  in 
preKlucing  normal  menstrual  perienls.  He)we*ver.  afte*r  a  few  months, 
she  discontinued  the  medie'ation  becau.se  of  the  expense. 

Sw.  was  again  admitteel  tei  the  hospital  on  December  10.  1956. 

Her  chief  symptoms  at  this  time  were  varying  manifestations  of 
anxiety.  She  would  lie  awake  at  night  plagued  with  fears  of  having 
a  numlH*r  of  .serious  illnes.s4*s.  In  her  waking  hours  she  was  pre- 
«>ccupied  to  a  great  extent  with  imaginative  impending  catastrophes. 
PeritKiically  she  experiencHsl  attacks  of  difficulty  in  breathing,  pal¬ 
pitation,  and  fearfulness  which  lasted  from  10  to  15  minutes. 

Physical  examination  revealeil  the  patient  to  be  a  rather  small 
woman  30  years  of  age.  There  were  no  unusual  skin  lesions.  The 
bl<Hxl  prt'ssure  in  the  right  arm.  obtiiin(*<l  in  a  r€*i’lining  position,  was 
140/90;  the  pulse  was  100  and  regular.  The  cardiac  rhythm  was 
regular.  There  were  n<.  audible  murmurs.  There  was  no  cardiac 
enlargement. 

Mental  status  examination  revealed  Sw.  to  be  extremely 
tense  and  apprehensive.  She  periodicallv  wept.  She  expressed  fears 
of  dying  or  never  leaving  the  hospital  alive  and  of  having  a  number 
of  .serious  diseases.  There  was  no  unusual  thought  content  elicited. 

Her  associations  were  direct,  logical,  and  to  the  point.  Her  affective 
response  parallelled  her  thought  content. 

While  in  the  hospital  a  24-hour  urine  collection  was  made  for 
aldosterone.  During  the  period  in  which  this  urine  specimen  was 
collected,  Sw.  was  exceedingly  tense,  apprehensive,  and  experienced 
overt  attacks  of  anxiety  characterized  by  difficulty  in  breathing, 
palpitation,  and  fear. 

Diagnosis;  1.  Anxiety  neurosis 

2.  Primary  hypogodanism 
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Caso  History:  Pom. 

This  patient  was  aclmittcnl  to  the  hospital  in  July  of  I95()  with  a 
chief  complaint  of  insomnia,  “nervousness.”  "indigestion”  and  back 
pain.  Pern  staterl  flrnt  he  hatl  Iwen  trnuhlerl  hy  insomnia  since 
i>oyh(MKl  I ie  express«‘<i  the  opinion  that  diiriim  the  last  two  or  three 
years  the  insomnia  had  h<*en  worse  He  nottsi  for  as  loru^  as  he  could 
reniernlsT  he  tioMl  rather  easily  af'd  rlid  n»»t  have  the  stamina  of  his 
nssocirulr's.  This  fatigue  he  state<l  had  Ixen  worse  during  the  past 
-  tv.'.;  or  three  years. 

CK’er  the  years  he  had  visiterl  doctors  concerning  his  chief 
complaint  and  on  one  cKva.sion  was  hospitali/(Hl  for  a  thorough 
evaluation  No  organic  distMSe  was  distovi  r«'<i  in  thes<*  examina¬ 
tions.  Recently,  since  the  symptoms  appeared  more  frequently,  he 
decider!  to  “c*onio  in  for  a  clu*ck-up.’' 

Physical  (‘xami nation  revcaliMl  Pern,  to  lx‘  a  heavy-set,  well- 
developisl  imi.sr'ular  man  "»9  years  t)f  age  d'here  were  no  unusual 
skin  h*sions  and  no  significant  adenopathy.  The  blo^xi  pressure 
was  130 '80  in  the  left  arm  in  the  rriumbcmt  irosition.  Cardiac 
rhythm  wa.s  rr-gular:  there  were  no  rnuiinurs  audible;  heart  sound 
was  somewhat  riistant,  which  was  a.scrilM**!  to  thickness  of  the  chest 
wall. 


Mental  examination  revealed  Pern  to  be  somewhat  tense  and 
apprehensive  He  sp<ike  in  clear,  relevant  nssiK-ialions  He  was  ijuite 
alert  mentally.  There  was  no  disturbanci*  in  intellectual  functions. 
'Phere  was  no  evidence  of  primary  nuHnl  disturbances. 

A  24  hour  urine  sample  was  collector!  for  aldosterone.  During 
the  f)eri<K!  in  which  the  .spc-cimen  w;is  c<)llect<*<!.  Pern,  was  quite 
resties.s  and  tensrv  J'hi*  night  was  a  difficult  one  for  him.  He  did 
not  sleep.  He  attempted  to  lie  in  Ihh!  and  read,  found  himself  “oo 
restless  to  do  .so,  got  out  of  bed  and  took  a  shower  on  several 
occasions. 

Diagnosis:  Anxiety  neurosis 

Some  notes  on  the  status  of  other  patients  during  the  24-hour  urine 
collection  peri(K]  revcahxl  the  following: 

Res  :  Though  extremely  tense  to  the  t)oint  of  overt  tremulous¬ 
ness.  a  week  prior  to  her  urine  t'ollf*ction.  .she  was  not  unduly 
tense  during  the  peric?d  that  urine  was  collecterl.  She  described 
herself  as  lx*ing  somewhat  “nervous."  but  not  as  .anxious  and  tense 
as  she  had  been  on  other  occasions. 

Mol.  He  de.scrilxHi  himself  as  Ixung  “oretty  much  O  K.‘‘  during 
the  time  of  the  urine  collection.  He  din  speak  of  having  a  tense 
foren(K>n  on  the  day  of  the  collection,  hut  was  not  unusually  un¬ 
comfortable. 

Anxiety  may  manifest  itself  by  acute  attacks  consisting  of  breathless¬ 
ness.  i)aipitati<)n.  tertscne.ss.  fear,  chest  pr«*.ssure.  ;iiul  perspiration  or  by  pro- 
tractive  states  of  unrest,  continuing  for  several  weeks  or  months.  Anxiety  as 
a  sympt{)m  occurs  in  uncomplicated  form  in  a  syndrome  termed  “neuro- 
circulatory  asthenia”  or  anxiety  neurosis.  On  the  other  hand,  attacks  of 
anxiety  or  prolonged  states  of  ten.seness  and  unrest  may  occur  in  a  number 
of  other  diseases,  i.e.,  hysteria,  delirium,  agitated  depression,  schizophrenia, 
obsessive-compulsive  neurosis  and  various  organic  brain  symptoms.  In  view 
of  the  multiplicity  of  factors  it  is  not  surprising  that  the  aldosterone  ex- 
cretioii  is  not  correlated  with  specific  diagnosis.  As  was  suggested  earlier, 
it  appears  to  be  a  function  of  the  anxiety  state  at  the  time  of  the  urine 
specimen  collection. 

Finally,  four  samples  were  obtained  from  local  hospitals  with  the 
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request  for  measurement  of  urinary  H  and  NE  because  these  patients  had 
vasomotor  Mymptt»m.s  which  in  the  judgment  of  the  physican  rt*<.juir«Hl  lalx^ra- 
tory  data  for  a  {lossible  diagnosis  of  pheochromocytoma.  Although  samples 
from  all  four  subiects  had  normal  K  and  NE  content,  one  had  an  aldosterone 
value  of  8.0  pR/24  hrs.  and  the  other  thrcM*  had  values  over  10.0  p.g/24  hrs. 

DiscuMMion.  The  results  at  first  glance  seem  at  variance  with  our 
previous  findings,  relating  vnriation.s  in  E  and  NE  excretion  in  various 
emotional  states  (8)  inasmuch  a.s  the  .Hijhjects  re|x)rted  in  this  study  showed 
emotional  disiiluys  or  va.^ioniotor  .signs  indicating  sympathico  adrenal  activ¬ 
ity,  yet  the  cat«»choI  amine  excretion  was  not  elevattxl.  Two  (x>ssible  ex¬ 
planations  may  Iw*  ofiertHi:  (a)  There  may  be  in  these  cases  increased  rates 
of  metalxilism  of  the  cateclxd  amines  secretcKl  to  biologically  inactive  deriv¬ 
atives  apjiearing  in  the  urine,  or  (h)  the  res|x.ns4‘  t<)  the  quantity  of  catcxrhol 
amine  pnKluccsl  is  exaggerati^rl  .so  that  normal  amounts  of  E  and  NE 
secreterl  result  in  a  greater  than  normal  i)hysiological  resjxjn.se.  A  review 
of  the  data  with  respect  to  the  latter  iH>.K.sihility  ha.s  h<*en  presented  by  Raah, 
et  al  (14).  A  study  of  the  metalx)lism  of  epinephrine  and  norepinephrine 
is  at  jirtvsent  Ixung  purMit*d  in  our  lalxiratories  (16,  17). 

The  findings  relatisl  to  the  steroids  excreted  in  thesr*  ca.ses  are  in  need 
of  srirne  exfilanation  We  found  several  subjfX'ts  who  excreted  very  low 
amounts  of  17-()HC'S.  normal  amounts  of  17-KS.  hut  showed  high  rates  of 
aldosterone  excretion.  It  is  of  interest  that  AllH'aux-Fermd  and  his  associ¬ 
ates  (1)  reiMirttsl  that  in  chronic  asthenia  they  obtaintsl  low  17-  OHCS 
excretion  with  low  17  KS.  'I'hey  further  (»h«er\'ed  that  these  subjects  did 
not  show  increasisl  17  KS  and  17-01 1(\S  excretion  after  ACTH  injection. 
Data  were  presenttsl  indicaiting  inr reused  exeretion  of  ll-desoxy  C21  steroids. 
The  inference  drawn  was  that  corticosterone  was  the  major  adrenal  cortical 
stemid  .secrettsl  in  chronic  asthenia  The  similarity  of  these  results  and  the 
inferences  drawn  to  tho.se  of  the  Korean  study  discussed  in  the  earlier 
portion  of  this  paper  should  lx*  notes!. 

The  following  hyixithesis  relating  to  adrenal  steroid  biogenesis  and 
metabolism  i.s  presentee!  to  relate  pos.sihly  the  various  findings  in  adrenal 
steroid  see'retion  to  stress,  and  especially  to  explain,  in  part,  the  elevation 
of  aldosterone  in  certain  anxiety  states.  The  adrenal  cortex  in  the  first  stage 
of  stress  .secretevs  17  ()HCS  which  are  measurable  by  the  Porter-Silber 
reaction  (18)  and  some  17-KS  which  may  be  estimated  by  the  Zimmerman 
reaction  (13).  As  the  stress  continues  either  the  adrenal  cortex  ceases  to 
show  an  increment  of  17-OHCS  wi*h  an  increase  in  17-KS.  or  the  17-OHCS 
secreted  are  more  rapidly  metaholizcxi  to  17-KS  (6).  As  the  stress  is  further 
sustained,  both  the  execretion  of  17  OHCS  and  17-KS  are  low  due  primarily 
to  inhibition  of  17  hydroxylating  mechanism  in  adrenal  corticosteroid  bio¬ 
genesis  (1).  This  inhibition  of  17-hydroxyIation  would  favor  the  biogenesis 
of  corticosteroids  of  the  17.-desoxy  C21  type  The  two  principal  candidates 
in  this  regard  would  he  cortictisterone  (aimfxiund  B)  and  aldosterone.  At 
this  stage  ACl'H  injwtion  would  not  show  an  increase  in  17-KS  or  17- 
OHCS  but  an  increase  in  steroids  of  the  17-desoxy  C21  compounds  which 
would  include  corticosterone  and/or  aldosterone  (1,  6). 

The  significant  contributions  of  Dartter  (2)  on  the  factors  influencing 
the  secretion  of  aldosterone,  such  as  electrolyte  and  water  balance,  and  the 
findings  of  Rauschkolh  and  Farrell  (15)  showing  possible  diencephalic 
regulation  of  aldosterone  secretion  certainly  make  this  area  of  study  of  great 
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interMt  in  the  understimdinR  of  the  physiology  of  stress  as  it  relates  to 
adrenal  cortical  function. 

Summary.  Aldosterone  excretion  has  \yeen  shown  to  be  elevated  in 
certain  anxiety  states.  The  |x>ssible  relations  between  adrenal  medullary  and 
adrenal  cortical  functions  were  discussed  and  a  hypothesis  was  presented 
with  res|>ect  to  biogenesis  of  adrenal  cortical  steroids  in  chronic  stress  situa¬ 
tions  in  man. 

TABLE  L 

EXCRETION  OF  ALDOSTERONE  IN  24.HOUR  SAMPLES*  (10) 

N  Aldosterone  equivalents/24  hrs. 

Normals  8  2.4  (2.0  —  3.3) 

Schizophrenics  (chronic)  18  1.1  (0.0  —  5.4) 

Schizophrenics  (acute)  4  5.4  (2.9  —  7.9) 

Non-psychotic  10  10.3  (8.0  —  12.2) 

Anxiety  states 

•  Extractexl  by  Methocl  I.  See  text  under  Methcxl. 

TABLE  2. 

ALDOSTERONE  EXCRETION* 

N  pg  .AJdosterone  equivalent8/24  hrs. 
Normal  9  4.1  (2.4  —  4.8) 

Schizophrenics  14  4.4  (1.2  —  10.0) 


Extract«'d  by  Methods  II  and  III.  See  text  under  Method. 
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TABLE  4* 


PSYCHONKUROTIC  SUBJECTS 


Subject 

Dc*8cription 

pg  Aldosteron 

Hoi 

Anxiety  Neurosis  and  Dep.'-ession 

8.0 

Pern 

Anxiety  Neurosis 

>  10.0 

Sw 

Anxiety  Neurosis 

>  10.0 

Rea 

Hysteria 

0 

Gi 

Anxiety  Neurosis 

2.4 

Cha 

Anxiety  Neurosis  and  Depression 

4.0 

•  Aldosterone  extracted!  by  Methotl  11  and  III. 
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PSYCHOLOGICAL  MKASl  RRS  OF  PERFORMANCE,  WITH 
SPECIAL  REFERENCE  TO  IX>W-ANXIETY  AND 
HIGH- ANXIETY  SLRIECTS' 

CHARLES  B.  TRUAX.  Jr." 

Psychopharmacolofiy  Laboratory 
Unwergily  of  WUcongin,  Madison 

The  research  to  be*  de.scribed  here  is  a  part  of  a  program  on  the  appli¬ 
cation  of  elt*ctronic  methods  of  motion  analysis  to  the  assessment  of  drug 
action  and  of  the  effects  of  emotion  on  jierformance  in  man. 

Turning  now  to  .Hp<*cific  tests.  I  ithal!  proceed  to  illustrate  them  and 
comment  in  each  in  turn.  Figure  1  is  n  diagram  of  a  paper-placing  task. 
The  individual  simply  moves  the  pa(>er  from  one  place  to  anther  —  a  very 
simplified  task.  We  find  that  one  of  the  very  important  dimensions  in 
motor  performance  is  the  c*ornplexity  of  the  movements  involved. 

Figure  2  shows  a  combination  reaction-time  board.  We  can  record 
.separately  the  simple  reaction  time  and  the  discrimination  reaction  for 
hand  and  foot.  In  the  l)ackground  you  can  see  a  bimanual  switch-turning 
task.  We  can  set  this  up  into  a  complex  task  where  we  have  alternating 
movement  patterns. 

Figure  3  illustrates  a  switch- turning  task  which  yields  very  nice  learn¬ 
ing  curv’t»s.  It  is  useful  for  c*stimating  fatigue  effects  since  you  can  run  a 
subject  through  it  either  on  space  trials,  once  through  the  board,  or  on  mass 
trials,  having  him  do  it  ten  times  in  a  row. 

Figure  4  shows  a  mental  maze  —  we  can  vary  the  number  of  competing 
respons€*s.  a  convenient  way  to  control  the  complexity  of  the  task. 

Figure  5  is  an  assembly  task  in  which  we  can  vary  perceptual  com¬ 
plexity. 

Figure  6  represents  a  problem  of  classification. 

In  conducting  studies  on  the  relation  between  emotion  and  motion 
characteristics,  we  s€*parate  our  subjects  into  the  high-anxiety  and  low- 
anxiety  groups,  defined  psychometrically.  One  may  think  of  this  as  a 
chronic,  long-term  emotional  stre.Hs  situation.  The  high-anziety  group  may 
l)e  considere<l  as  people  who  are  walking  around  with  a  mild  emotional  stress 
within  them.  The  high-anxiety  subjects  spend  more  time  manipulating  and 
less  time  traveling  on  the  .same  task  than  do  the  low-anxiety  subjects  (Fig¬ 
ure  7).  The  number  of  contacts  in  this  simple  assembly  task  gives  us  a 
measure  of  the  number  of  fumblings  and  errors  in  placement.  We  find 
that  as  task  complexity  goes  up.  the  low-anxiety  group  is  not  affected.  The 
high-anxiety  group,  however,  shows  a  very  marked  increase  in  errors  or 
fumbles  as  a  result  of  increased  task  complexity. 

*  Thi>  pfeiiniinary  mearrh  i>  a  part  of  a  rontinuiiiR  projert  on  application  of  electronic 
!:!?ih(Kl«  of  motion  <ttudy  and  biokinrtir  a>|)e<  it  of  emotion  and  druft  action  in  man.  The  Fiycho- 
pharrnoroloKv  l.al>oraior>.  The  L'nivenily  of  Witcontin,  it  under  the  joint  direction  of  Karl  V. 
Smith  and  Fred  Shedenian.  Thit  work  was  supported  in  part  by  the  Graduate  School  Research 
Committee,  the  University  of  Witcontin.  Research  funds  for  motion  analysii  devices  came  in 
part  from  the  NSF. 

^Graduate  Assistant  in  Piyrhopharmacology. 
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Figure  1.  Diagram  of  Paper-Placing  Task,  analyzing  travel  and  manipu¬ 
lation  components  of  human  motif)n  separately  and  distinguishing  between 
high  and  low  anxiety  subjects. 


Figure  2.  Combination  lioartl  analyzing  simple  and  Discrimination 
Reaction  times  with  a  complex  toggli*  switch  turning  task  located  at  the 
rear  of  picture. 
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FiRure  3,  Switch  Turning  Task  analyzing  separately  Travel  and  Manip¬ 
ulation  com|M>nentH  of  human  motion.  Fatigue  efTi*cts  are  sensitively  re¬ 
corder!  hy  an  increase*  in  manipulation  (or  resting)  time  and  a  corresi>onding 
decrease  in  travel  time. 
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FiKure  4.  Mental  Maze  apparatus  which  automatically  reconls  errors 
and  corr€H;t  res|K)nses.  The  subject  is  piven  10  “'choice  points*’  in  the  mental 
maze  and  task  complexity  is  varicHl  by  allowinp  from  one  to  10  choices  at 
each  “choice  |>oint.’’ 
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Figure  5  Pin  Assembly  Task.  By  requiring  the  subject  to  assemble 
according  to  a  prearranged  pattern  the  assorted  brass  and  steel  pins  com¬ 
plexity  can  be  varied  in  a  t>erceptua]- motor  dimension,  with  separate  re¬ 
cording  of  manipulation  and  travel  conifKinents. 
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NUMBER  or  MAZE 


Figure  7.  DifTerentiai  EfTects  of  Anxiety  upon  travel  and  manipulation 
components  of  human  motion.  Although  high-  and  low-anxiety  subjects 
show  no  difference  on  some  tasks  in  overall  performance,  the  effect  of  anxiety 
upon  the  economy  of  motor  performance  is  shown  by  the  differential  effect 
upon  travel  and  manipulation  times. 


234 


Besides  the  manual  tests  described  here,  we  have  also  made  studies  of 
the  effects  of  drugs  and  of  emotional  state  on  handwriting  and  gait  move¬ 
ments.  Results  of  these  motions  are  of  particular  interest  inasmuch  as  the 
motions  involve  only  limited  learning  effects. 

In  addition  to  these  preliminary  observations,  we  also  have  examined  a 
number  of  general  tests  of  intellectual  performance  in  relation  to  emotion 
and  to  the  effects  of  drugs.  Among  a  number  of  such  tests,  it  was  observed 
tliat  a  test  of  addition  of  2'digit  numbers  might  be  as  valuable  os  any. 


V.  GENERAI.  DISCUSSION 
Highly  Stressful  Situation.^. 

Grossman:  We  know  that  for  almost  all  physiological  functions  we 
can  decrease  the  reserve  by  a  very  large  amount  before  any  change  in  func¬ 
tion  occurs.  Then,  at  some  level,  we  get  a  precipitous  fall.  One  of  the  main 
reasons  for  the  application  of  highly  stressful  situations  ia  testing  Is  not  to 
determine  whether  or  not  the  individual  is  capable  of  performing  the  stressful 
task,  but  to  determine  where  he  is  on  this  reserve- versus  stress  curv'e.  This 
is  the  means  by  which  we  uncover  a  deficiency  tliat  does  not  show  up  in 
the  steady  state  (or.  even  less  so,  at  rest). 

If  we  have  no  caloric  deprivation  (i.e.,  if  we  have  100  percent  caloric 
balance),  we  have  also  100  ijercent  work  capacity.  We  can  go  quite  far  down 
along  the  scale  of  caloric  deprivation  before  we  find  a  detectable  influence 
on  work  ca|)acity. 

The  level  at  which  we  begin  to  get  a  decrease  in  work  capacity  is 
viewed  by  many  as  being  extreme  and  impractical  to  measure.  It  is  asserted 
that  such  a  level  has  no  practical  significance  because  it  is  unlikely  to  be 
encountered  in  military  or  civilian  situations.  But  we  need  to  apply  extreme 
stresses  in  order  to  determine  how  much  reserve  there  is.  That  there  is  a 
dichotomy  betwwn  laboratory  testing  and  the  practical  situation  is  readily 
accepted.  We  need  a  critical  appraisal  of  both  of  them.  We  need  laboratory 
t<*8t8  because  we  do  not  encounter  stress  problems  under  satisfactorily 
controlled  conditions  in  the  practical  or  field  situation.  Let  us  consider 
blood  volume  and  blood  pressure  for  a  moment.  We  know  that  one  of  the 
important  determinants  of  blood  pre^ure  is  blood  volume,  and  we  know  that 
very  significant  decreases  in  blood  volume  can  occur  without  affecting 
blood  pressure.  So.  the  simple  measurement  of  blood  pressure  becomes  a 
poor  measurement  of  the  reserve  of  the  blood  volume.  Only  the  direct 
measurement  of  blood  volume  will  tell  us  how  much  more  blood  an  individual 
can  lose  before  he  gets  into  trouble. 

For  caloric  reserve  or  for  other  factors,  once  we  have  established 
this  relationship  in  the  laboratory,  direct  measurement  of  the  factor  itself 
would  represent  the  reasonable  approach,  and  much  of  our  attention 
should  be  directed  toward  that  aspect  of  the  problem. 

One  other  comment:  If  men  are  calorically  deprived,  receiving  some 
1500  calories  per  day  for  four  weeks,  and  have  lost  10  percent  of  their 
body  weight  (which  represents  close  to  20  percent  of  their  caloric  stores), 
they  are  still  able  to  perform,  in  terms  of  our  standard  testing  procedures. 
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If  we  ask  whether  these  men  are  able  to  jM*rforra  a  25-mile  hike  with  full 
equipment,  the  answer  is  yen.  they  can  do  it.  If  we  ask  the  man  hi'fore 
the  hike  whether  he  feels  impaired  and  whether  he  feels  as  though  he 
were  going  to  be  able  to  do  it.  his  answer  will  be  no.  So  this  question  of 
“optimal"  work  conditions  lias  to  l)e  regarded  in  the  light  of  what  practical 
sitiiation.H  we  arc  going  to  face  When  there  are  exigencies  that  require 
ta.sks  that  must  tM*  perfomied  for  survival  or  for  military  success,  the 
res4‘r\'e  capacities  are  enormous. 

Stress  —  there  Is  no  one  type. 

Lei::  As  s»x)n  a.s  you  start  talking  aixiut  tolerance,  which  is  work  per¬ 
formance  under  another  name,  you  come  right  up  against  the  question 
of  your  ultimate  objective.  hecaus«^  what  is  tolerable  to  a  union  organizer  is 
something  slightly  different  from  what  a  hard  bitten  Army  commander  will 
tolerate.  These  diffen-nt  <*oncepts  of  toleranct*  are  admissible  in  their  own 
place  and  their  own  time.  This  is  an  elastic  scale  against  which  we  have  to 
measure  things;  but.  fortunately,  there  la  another  elastic  scale  concerned 
with  factors  which  determine  an  ability  to  continue  to  perform.  This  ability 
increases  with  the  severity  of  the  stress  that  you  are  up  against.  Sensations 
of  discomfort  are  im|K>rtant  industrially,  and  they  arc  also  about  the  only 
things  you  can  readily  assess.  Bad  as  the  measure  of  s4msation  of  discomfort 
obviously  is.  statistically  it  pans  out  fairly  well. 

After  you  have  gotten  to  a  certain  degree  of  discomfort,  more  of  it 
doesn't  count  too  much,  and  you  move  into  a  realm  where,  both  industrially 
and  physiologically,  you  have  to  deal  with  another  set  of  measurements. 
Fortunately,  in  this  region,  sweat  loss  is  a  gmxl  measure,  but  again  you 
come  to  a  ceiling.  Then  you  move  inti>  another  area  where  changes  in  rectal 
temperature  or  heat  storage  (which  is  another  aspect  of  the  same  thing) 
become  a  useful  measure.  Finally,  you  move  into  the  area  with  which 
people  at  Fort  Knox  were  concerned  —  the  question  of  survival.  Each 
of  the  measurements  one  use?  is  only  a  very  partial  view  of  what  is  going 
on  inside.  While  it  is  comforting  to  have  a  concept  of  an  overall  strain 
placcKl  on  the  individual,  for  various  reasons,  you  never  get  a  full  look  at  it. 
You  can  look  only  at  a  very  small  portion  of  it.  under  rather  peculiar 
and  limited  circumstances. 

How  you  can  get  from  this  extremely  limited  series  of  points  of  view  to 
an  actual  over  all  strain  is  a  matter  of  considerable  argument.  We  shall  not 
.start  the  argument  here,  but  I  did  want  to  bring  out  the  point  that  all  of  us 
are  forced  to  talk  about  different  things  at  different  times. 

High-calorie  vs.  iow-calorie. 

Welch:  In  conditions  where  the  temperature  is  — 10°  F.  or  so.  a 
minimum  of  44(X)  calories  is  required.  I  am  sure  that  many  times  the 
temperature  at  Ladd  Air  Force  Base  was  — 40°  F.  outside  Dr.  Rodahl’s 
window,  but  he  was  not  out  there  to  enjoy  it.  So  we  would  agree  with  the 
bottom  half  of  Dr.  Johnson’s  chart.  Dr.  Buskirk  and  I  have  a  paper  in  press 
that  goes  along  with  the  idea  that  temperature  in  the  properly  clothed  man 
is  not  critical,  whereas  the  workload  as  well  as  the  weight  of  the  individual 
seem  to  be  the  crucial  factors.  At  — 40°,  and  with  the  assumption  that 
the  castaway  is  not  properly  clothed,  I  wonder  if  40(X)  calories  is  actually 
enough  for  him.  We  had  men  working  hard  —  and  by  that  I  mean  pulling 
sleds  around  10  to  12  miles  a  day,  two-man  sleds  —  and  the  men  consumed 
daily  an  average  of  around  4163  calories  for  a  period  of  three  weeks. 
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Johnson;  Actuaiiy.  1  havp  vory  wtrrtng.  feelings  on  that.  I  think  the 
battle  l>etween  the  high-calorie  ventus  the  low-calorie  advocates  has  been 
going  on  ever  since  1  can  remember  —  certainly  back  in  1939  when  1  first 
got  into  the  Army.  You  will  find  precisely  this;  The  Food  and  Nutrition 
ftoard  people,  with  whom  1  go  along  on  nutritional  matters,  say  you  have 
to  put  in  a  factor  of  safety  to  take  care  of  the  big  fellow,  the  fellow  who 
will  do  a  lot  more  work,  the  pregnant  woman,  the  injured  |jerson,  and  so  on. 
You  have  to  put  in  an  extra  safety  factor  in  the  recommv»nded  allowances. 
Some  of  my  colleagues  would  say,  "Let’s  forget  about  these  fellows.  Let’s 
take  the  mean,  and  then  go  down  a  couple  of  standard  deviation**.  In  this 
way  we  arrive  at  the  minima,  or  the  other  way  at  average  values  plus  a 
bonus." 

Tests  —  which  ones  are  u.seful? 

Spector:  Now,  going  Iwick  to  the  principal  goal  of  the  conference. 
I  would  like  to  ask  your  coo|x*ration  in  focusing  attention  on  methods  — 
what  'they  tell  us  that  in  u.seful.  what  they  do  not  tell  us,  what  are  some 
of  the  i'allaci(*s  that  may  lead  us  into  errors  of  judgment.  We  need  an 
eval nation  of  the  tests  we  have  heard  described.  W'hich  tests  can  we  afford 
to  drop?  Which  should  we  emphasize?  which  are  the  new  tests  at  which 
we  should  fH^rhaps  take  a  closer  look?  Does  anyone  care  to  start  the  ball 
rolling  by  commenting  on  the  various  cardiovascular  tests  which  have  been 
mentioneti.  with  the  idea  of  pointing  out  those  tests  that  have  really  lieen 
useful.  At  the  same  time  you  need  not  hesitate  to  point  out  some  of  the 
deficiencies. 

As  an  example  It  has  l>een  emphasized  that  pulse  rate  is  a  very  useful 
measure.  The  data  of  Dr.  Young  ct>nfirmed  this.  But  there  is  one  confusing 
thing  —  instead  of  getting  an  increa.so  in  puls^'  rate  as  the  stress  of  dehydra¬ 
tion  progressed,  wr  got  a  d*H:rease.  One  explanation  is  that  starvation  was 
coming  in.  due  to  restricted  water,  and  associated  with  starvation  is  brady¬ 
cardia.  This  raises  the  question,  then:  How  u.sefui  under  such  circumstances 
is  pulse  rate? 

Dr.  Hen.srhel  mentionc'd  yesterday  the  Utopian  need  for  an  integrated 
index.  This  is  going  to  elude*  us  for  some  time  to  come,  and  we  may 
never  be  able  to  achieve  it.  We  have  to  Icwk  at  j^erformance  from  various 
points  of  view.  How  do  you  combine  the  results  that  you  get  from  these 
various  approaches?  Perhaps  each  one  of  us  might  answer  these  questions 
somewhat  differently,  dcjiending  u|K)n  what  we  are  measuring  and  why. 
I  would  like  now  to  invite  discussion  along  these  lines. 

Elmadjun;  Under  various  conditions,  tissue  responsivity  begins  to 
change.  Some  of  the  data  given  by  your  group.  Dr.  Young,  made  this 
particular  thought  come  to  me  —  that  tissue  response  was  being  changed  by 
by  a  change  in  the  milieu,  the  sodium,  the  electrolyte  balance.  You  may 
have  the  same  stimulus,  but  you  will  not  get  the  same  response.  Changes 
-  in  the  milieu  cause  changes  in  the  response  of  that  tissue  or  organ.  The 
system  that  you  may  measure  and  it  may  be  the  sympathico- ad  renal, 
the  adrenal-pituitary,  or  some  other  system  —  may  or  may  not  change 
in  itself,  but  you  do  begin  to  get  shifts  in  the  sensitivity  and  in  the  response. 
I  will  explain  this  in  reference  to  one  test  that  Robb,  in  Vermont,  did. 
When  he  gave  a  steroid  like  DCA  and  changed  the  electrolyte  balance  in 
the  system  he  began  to  get  (for  a  given  dose  of  norad renalin)  far  greater 
responses  in  the  cardiac  system.  We  have  to  think  about  this  when  we  try 
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to  evaluate  a  response  test  as  a  load  test. 

BROZiJC:  I  shall  comment  not  about  a  s{)ecific  test  or  tests  but  rather 
about  the  theoretical  framework  within  which  the  questions  must  be  posedi 
What  are  th*>  criteria  which  we  can  apply  in  evaluating  different  kinds  of 
tt'sts?  They  are  at  least  three,  and  you  may  add  some  others. 

One,  ronsisfency.  If  you  are  measuring  something  and  there  is  no 
evidence  that  this  something  has  changed,  you  must  come  up  with  the  same 
kind  of  an  answer.  In  other  words,  for  all  kinds  of  biological  tests  ’"c  should 
have,  as  part  of  the  description  of  the  tests,  data  on  the  reliability  with  which 
the  particular  measurement  can  be  re|H'ated  under  8|)ecified  conditions  in 
spet'ifird  populations.  The  s|>ecification  of  the  iK)pulation  is  very  important 
becau.se.  as  till  of  us  know,  the  degree  of  ct^rrelation  lietwwn  two  sets  of  re¬ 
peated  measurements  de^Kmds  in  part  on  the  range  within  which  a  variable 
is  measured. . 

The  second  point  is  gpecificity.  You  do  not  want  to  measure  (at  least 
it  would  bo  uneconomical  to  do  so)  the  same  as|>ect  of  the  response  by 
different  techniques.  Cons€?quently.  if  we  s€*e  that  ventilation’,  pulse  rate, 
plus  some  of  the  other  ns|H*cts  studie<l  by  Dr.  Balke.  are  changing  in  the 
some  ways,  obviously  it  is  uneconomical  to  measure  all  of  them.  Specificity 
is  our  second  criterion  in  the  evaluation  of  any  measurement. 

The  third  and  most  im{>ortant  criterion  is  I'alitlity.  This  is  the  crux, 
and  I  feel  that  this  conference  has  not  really  scratched  the  surface  at  this 
particular  [wint.  which  is  of  central  imi>ortance.  We  have  all  kinds  of 
validity.  Firstly,  a  sort  of  su()erficial  'philosophicar'  validity.  We  say,  all 
right,  this  is  what  we  are  measuring,  and  we  think  it  is  a  useful  thing  to 
measure.  It  mean.s  something  because  we  think  so.  Secondly,  we  may 
assign  the  validity  to  a  measure,  if  the  changes  in  this  function  indicate 
biologically  significant  impairment  of  homeostatic  mechanisms  which  event¬ 
ually  will  bring  us  to  the  realm  where  the  deterioration  changes  into  a 
clinical  disease. 

We  may  u.se  the  changes  that  take  place  under  the  impact  of  different 
stresses  as  measure.^  of  the  u.Hefuln«»ss  of  a  test.  Here  I  speak  of  test 
sensitivity.  Performances  in  a  test  change  under  one  set  o!  conditions, 
and  do  not  change  under  other  conditions.  We  may  define  the  stresses  in 
objective  terms  such  as  the  cumulative  negative  caloric  balance,  and  against 
this  objectively  definc^d  background  we  evaluate  the  sensitivity  of  this  or 
that  particular  test.  I  believe  that  this  is  the  theoretical  framework  against 
which,  in  the  end.  we  have  to  consider  each  and  all  of  the  variables  about 
which  we  have  been  talking  here — not  in  the  next  15  minutes  but  eventually. 

Johnson:  1  agree  with  Dr.  Brozek.  Validation  of  a  test  is  a  tricky 
business.  When  you  have  devised  a  t€?8t,  there  is  a  temptation  to  conclude: 
"This  man  is  good  because  he  gets  a  big  score  in  my  test."  I  have  fallen, 
personally,  into  this  trap. 

Bass:  There  is  one  group  of  men  who  have  a  greater  known  physical 
performance  capacity  than  the  average  —  the  well-trained  athletes.  1  would 
suggest  that  we  have  overlooked  the  epidemiological  approach  that  my 
former  colleague.  Harry  Danvers,  used  to  advocate  —  that  is.  to  try  to  find 
out  what  basal  physiological  differences  exist  between  well-trained  athletes 
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and  the  majority  of  the  |)opu!ation.  differences  that  could  reasonably  be 
correlated  with  prcnlicted  performance  ability.  For  instance,  one  thini; 
that  I  didn't  hear  mentioned  here  is  the  relation  of  the  Wood  pr<»««up<»  to 
change  in  posture.  That  would  be  just  one  type  of  example.  It  may  be 
that  some  simple  physiological  measurement  might  provide  us  with  some- 
thing  that  we  are  looking  for. 

Bkozck:  I  agree  with  Dr.  Bass.  I  have  in  my  notes,  as  one  of  the 
criteria,  the  physiological  differentiation  hetweon  individuals  in  different 
states  of  clinically  assessiHl  health  and  fitness,  and  in  disease. 

Taylor:  I  think  you  have  to  be  a  little  careful  there.  When  we 
talk  about  athletes,  we  fhould  add  the  effects  of  a  conditioning  program. 
The  differences  between  athletes  and  the  rest  of  us  may  be  due.  in  part, 
to  selection  before  the  individual  ever  gets  started  being  an  athlete.  I  be¬ 
lieve  fitness  tests  have  to  be  sensitive  to  the  effects  of  tradning.  also. 

Ltx:  I  would  like  to  add  one  thing  there,  too.  You  cannot  speak  mean¬ 
ingfully  of  performance  capacity  in  general.  You  roust  speak  of  performance 
capacity  for  what.  Even  if  you  are  considering  physical  performance,  you 
still  have  this  question  of  “|>erformance  for  what.”  During  World  War  II. 
young,  active,  quickly  reacting  people  were  chosen  for  training  as  pilots. 
The  technique  used  was  very  successful.  The  same  technique  was  used 
for  selecting  the  crews  of  the  Armored  Corps  in  the  British  Army.  It  proved 
to  l)e  a  mistake,  because  they  were  being  called  upon  to  face  two  entirely 
different  kinds  of  siuiations.  The  pilot  faced  situatSons  calling  for  rapid 
judgments,  with  high  stress  but  over  a  short  period  of  time,  whereas  the 
tank  t)eople  were  being  called  upon  to  face  a  difficult,  dangerous,  infuri¬ 
ating  |>osition  for  three  weeks  or  four  w€?eks  at  a  time.  The  17-  and  18-year- 
olds  didn’t  face  up  to  that,  whereas  the  24-  and  25-year-olds  who  in  pilot- 
s4*l«vtion  terms  would  not  have  been  near  tht*  optimum,  were  the  optimum 
for  the  Tank  Cor|)s  of  o|)eration. 

Taylor:  I  think  it  is  essential  to  emphasize  what  Dr.  Lee  and  Dr. 
Brozck  have  said,  that  wc  have  to  start  out  by  analyzing  the  task  that 
we  are  going  to  study  and  break  it  down  into  its  component  parts  and 
study  the  factors  limiting  performance  of  the  specific  tasks. 

Spector:  In  line  with  the  idea  of  the  effects  of  training  or  conditioning 
and  the  dramatic  differences  between  athletes  and  non-athletes,  there  is  the 
parallel  consideration  of  measures  of  performance  that  is  appropriate  when 
there  has  been  opportunity  for  a  certain  amount  of  adaptation.  Frequently 
you  have  to  use  different  measures,  different  tests,  to  get  the  information 
desired  under  those  two  conditions. 

Required:  A  knowledge  of  all  the  parameters. 

Craig:  My  reaction  to  this  meeting  is  that  as  scientists  we  should 
try  to  accumulate  information  and  deepen  our  theoretical  grasp  so  that 
we  can  handle  more  effectively  the  problems  that  may  come  up.  That  is, 
we  should  have  a  background  of  knowledge  on  all  the  parameters  of  per¬ 
formance.  At  the  same  time,  if  there  is  a  specific  military  problem  that 
you  are  confronted  with,  considerable  attention  should  be  given  to  finding 
a  direct  solution  to  it.  If  you  are  concerned  with  under- nutrition,  some 
thought  should  be  given  to  just  what  form  this  might  take  in  the  field  — 
and  then  set  up  a  situation  in  the  laboratory  to  duplicate  it.  have  people 
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perform,  and  see  what  hap|H*ns.  We  should  not  forget  that  wa}'  of  getting 
at  the  problem. 

Taylor:  When  we  started  this  conference.  I  made  some  remarks  to 
the  effect  that  iho  laboratory  devices  we  employ  allow  n*.  we  think,  to  put 
stresses  in  rank  order  on  the  basis  of  the  degree  of  deterioration  they  pro¬ 
duce.  But  to  b<?  certain  of  one’s  results,  if  the  problem  is  practically  im¬ 
portant.  you  have  to  take  the  lulxtratory  device  into  the  field  and  put  it  into 
the  practical  situation.  This  is  tht*  other  side  of  the  coin  that  Dr.  Craig 
has  been  talking  about. 

Spector:  One  of  our  urgent  needs  i»  to  establish  a  glossary  of  terms. 
Some  of  the  confusion  in  the  literature  comes  from  the  fact  that  we  are 
using  different  terms  when  talking  about  the  same  things.  The  sooner  we 
establish  a  clear-cut  terminology,  words  that  have  the  same  meaning  to  all  of 
us.  the  sooner  we  shall  be  able  to  compare  results  that  we  obtain  in  our 
various  laboratories. 

Vogel:  There  has  been  much  talk  about  |>erfoiTnance  capacity  under 
stress,  and  no  discu«;aion  whatever  about  |>erformance  capacity  and  pre¬ 
diction  in  the  face  of  boredom  and  long  i)eriod8  of  monotony.  I  should  like 
to  hear  discussion  along  these  lines.  b(K*ause  the  future  will  show  that  we 
will  be  faced  more  and  more  with  performance  under  monotony  and  Iwre- 
dom.  We  will  have  human  brings  in  submarines  or  in  space  satellites,  just 
sitting  out  there  and  watching  and  listening.  How  will  we  be  able  to  predict 
performance  under  conditions  such  as  that?  Or.  we  may  have  submerged 
Texas  towers  —  people  just  sitting  day  after  day,  listening.  Certainly  these 
are  not  stressful  situations  as  we  usually  think  of  stress  —  but  boredom  and 
monotony  are  stressful. 

Brozek:  You  arc  touching  here  upon  another  very  serious  stress,  the 
one  that  involves  sensory  deprivation.  The  work  that  has  been  done  on  it 
shows  that  this  is  a  serious  stress,  one  where,  actually,  if  the  sensory 
deprivation  i.s  complete  or  almost  t'ornfilete.  you  may  develop  under  certain 
conditions  psychotic  alteration.*!  within  a  matter  of  hours. 

Smith:  It  is  in  this  area  of  stresses  peculiar  to  the  industrial  civilization 
that  the  physiologists  should  appreciate  the  fact  that  performance  indicators 
may  be  at  present  the  only  guide,  at  least  initially,  for  picking  out  the  vari¬ 
ations,  even  minor  ones,  introduced  by  a  particular  individual  in  the  specific 
task.  We  know  that  in  industrial  jobs  characterized  by  highly  repetitive 
types  of  work  (work  that  has  been  fractionated  into  a  few  repetitive  opera¬ 
tions).  the  assessment  of  possibly  adverse  conditions  must  depend  largely 
upon  the  performance  itself.  One  goes  on  from  there  to  introduce  either 
job  enlargement  programs  or  an  enrichment  of  the  social  envirorunent  or 
alterations  in  the  physical  environment  or  other  change  in  the  nature  of  the 
task  in  order  to  determine  the  factors  operating  in  the  situation.  It  is  in 
this  particular  area,  I  think,  that  people  have  to  appreciate  the  general 
nature  of  the  problems  of  human  work.  It  is  here  that  a  joint  effort  by 
physiology  and  psychology,  in  time,  is  going  to  make  a  real  contribution 
not  only  to  military  problems  but  also  to  industry.  This  is  a  very  real 
problem  in  industry  today  —  the  deadening,  sustained  stress  in  the  indus¬ 
trial  worker. 

Brozek:  I  am  very  glad  Dr.  Vogel  brought  out  this  problem;  it  opens 
a  whole  new  dimension  of  stressful  conditions. 
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Clark:  Are  we  thinking  now  in  termi  of  what  Dr.  Lee  mentioned  a 
few  minutes  ago:  namely,  selection?  We  have  not  been  thinking  at  all  in 
those  terms.  Must  we  now  bring  in  all  of  these  other  aspects? 

Spkctob:  Who  would  like  to  comment  on  that?  What  is  there  that 
individuals  interested  in  changes  under  stress  can  icarn  from  those  who 
have  been  concerned  with  selection? 

Broker  :  I  think  that  the  scrience  of  human  work  lb  a  single  pie  out  of 
which  we  cut.  individually,  a  particular  section.  We  are  either  professionally 
responsible  for  that  sector  or  it  U  of  particulai  rc»eafc!i  interest  to  us. 
Problems  of  selection  are  relevant  and  may  influenci?  the  choice  of  test 
proc€‘dure.s  used  for  the  .study  of  slrt^sites. 

Clark:  If  that  is  the  case,  then  we  will  need  to  bring  an  additional 
group  with  more  varicni  interests  to  the  next  conference.  Our  representative 
has  data  only  to  cover  performance  capacity. 

Smith:  May  I  comment  briefly  on  this  to  nee  if  we  can  go  n  little  further 
along  this  line?  It  has  been  my  understanding  that  we  are  not  primarily 
interested  in  selection  in  this  conference.  The  conference  was  directed 
toward  the  examination  of  the  functional  reactions  of  the  human  organism, 
particularly  in  work,  and  in  other  connotations  of  “stress.*’ 

SPLXrrOR:  Thi.s  is  the  {x^ition.  exactly.  But  what  I  intended  by  my 
remark  w'as  merely  to  indicate  that  perhaps  the  same  technique  could  be 
used  for  selection  for  those  who  are  interested,  and  vice  versa. 

Lee:  .As  one  who  brought  selection  into  this.  I  was  simply  using  selection 
as  an  illustration  of  the  fact  that  there  are  different  attitudes  toward  what 
you  consider  a  performance  t4?st  and  what  you  expect  from  it. 

V 

Brozek:  And  let  us  not  forget,  let  me  repeat,  that  some  of  the  criteria 
that  we  develop  in  the  process  of  selection  can  be  legitimately  applied  in 
the  evaluation  of  the  stres-ses. 

Balke:  I^t’s  consider  one  practical  example.  In  the  Air  Force  now 
wc  are  having  an  increasing  number  of  so-called  neurocirculatory  collapses 
at  relatively  low  altitudes.  You  may  not  know  that  a  pilot  who  faints  just 
once  is  through  —  no  more  flying  for  him.  That  is  the  present  Air  Force 
regulation.  Now.  since  training  this  man  costs  $250,000  in  the  first  place, 
is  there  real  justification  to  throw  him  out.  to  ground  him?  If  I  would  get 
such  a  man  for  appraisal  I  would  not  only  test  his  work  capacity,  which 
is  just  one  facet,  but  I  would  probably  run  him  through  a  battery  of  stress 
tests  —  including  hypoxia,  and  so  on. 

If  I  had  to  investigate  work  of  long  duration  I  would  change  my  testing 
procedure  completely.  I  would  go  to  a  steady-state  type  of  work  which  in 
this  testing  procedure  might  require  a  pulse  rate  of  150  or  so  for  six  hours, 
and  I  would  try,  for  instance,  to  get  the  respiratory  quotient.  In  steady  state 
this  is  an  expression  of  what  is  being  burned. 

We  consider  a  workload  yielding  a  pulse  rate  of  180  very  dangerous. 
Our  cardiologists  insist  that  we  take  an  ECG  at  the  same  time  because  we 
might  run  into  a  coronary  patient.  But  before  I  evaluate  the  ECG.  just  by 
looking  at  the  physiological  measurements,  I  know  that  the  man  has  to  be 
taken  off  the  treadmill  test.  His  pulse  is  increasing,  oxygen  intake  is  in¬ 
creasing,  pressures  are  increasing  to  a  certain  degree  before  they  level  off. 
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In  research  we  havt)  to  do  our  looking  and  listening  in  order  to  find 
out  the  simplest  means  of  fitness  appraisal.  I  don't  measure  oxygen  intakes 
any  more  because  I  can  predict  (hem  much  easier.  I  have  to  take  the  pulse 
rate.  What  we  should  get  is  the  cardiac  output,  which  tells  us  everything. 
But  there  is  no  easy  way  oi  measuring  the  cardiac,  output,  at  least  not  rou¬ 
tinely.  You  can  get  it  once  in  a  while  in  light  or  moderate  workloads,  but 
you  can't  get  it  routinely  in  severe  workloads. 

Work  capacity,  in  the  last  analysis,  is  the  quantity  of  the  possible 
metabolic  exchange.  We  could  use  anything  which  increas<is  the  metabolic 
rate  besides  work  if  we  could  get  such  increisises  as  wv  get  with  physical 
work.  Now  wo  are  using  the  treadmill  or  the  bicycle  orgorncter  bcK'ause  it  is 
a  reliable  piece  of  equipment  that  gives  us.  under  constant  conditions, 
consistent  rc^sults.  There  is  no  other  means  hy  which  you  could  increase 
metabolism  to  15  or  16  or  17  or  18  times  the  basal  value.  So  this  gives  us 
the  entire  range  of  work  capacity,  and  I  don't  know  of  any  better  way  of 
getting  at  the  problem. 

I  was  asked  this  morning  by  Dr.  Elmadjian  what  would  happen  if  1 
w*ould  superimpose  a  new  stress  situation  on  this  walking  test.  If  you  have 
a  very  well  trained  man  and  you  expose  him  to  heat  conditions,  he  will  stay 
on  because  his  work  capacity  and  the  available  reserves  will  enable  him  to 
tolerate  the  heat  stress  for  a  considerable  length  of  time.  However,  if  the 
individual's  work  capacity  is  low,  so  that  this  type  of  work  would  be  close 
to  his  capacity,  then  the  additional  heat  stress  which  how  diverts  the  blood 
that  should  go  through  the  muscles  to  t.he  .skin,  in  order  to  get  the  tempera¬ 
ture  regulated,  of  course  will  reduce  the  total  work  capacity. 

Spector:  Before  we  close  I  wonder  whether  Dr.  Henschel  and  Dr. 
Allison  would  like  to  say  a  word. 

Henschel:  I  shall  be  brief  but  I  still  have  a  concern.  We  can  use  a 
variety  of  tests  to  characterize  what  the  individual  is  capable  of  doing  at  the 
time  you  are  giving  him  the  test.  There  are  many  types  of  tests.  You  can  go 
all  the  way  from  the  biochemical  and  physiological  to  the  psychological  tests 
which  will  tell  you  what  the  person  is  capable  of  doing  now.  That’s  fine. 
But  in  real-life  situations  you  can’t  8[>ond  two  days  characterizing  the  man. 
One  would  like  to  have  some  ty|>e  of  index  that  you  could  apply  on  a  wide 
basis  to  separate  in  broad  categories  men's  performance  capabilities:  "These 
are  poor  performers;  these  are  people  who  won’t  get  into  trouble;  these 
people  will  be  your  good  performers.”  I  don't  feel  at  the  moment  that  many 
of  the  tests  and  things  we  are  working  on  and  are  using  are  actually  geared 
to  give  us  the  type  of  information  that  eventually  will  allow  us  to  develop 
the  needed  simple  index  for  purposes  of  prediction. 

Allison:  Dr.  Spector,  I  would  like  to  take  this  opportunity,  while  we 
are  all  together,  to  express  the  appreciation  of  the  Subcommittee  on  Nutri¬ 
tion  for  the  privilege  of  sponsoring  this  conference.  The  members  of  the 
Subcommittee  have  felt  for  some  time  that  what  we  are  talking  about  and 
have  talked  about  in  the  past  two  days  is  the  type  of  discussion  and  the 
type  of  science  that  we  need  to  push.  We  hope  that  out  of  this  conference 
will  come  a  more  vigorous  and  integrated  approach  to  the  solution  of  the 
problems  that  we  have  been  discussing. 
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Why  an  epilogue? 

'i'he  aim  <»f  thr  svin|>osium  wan  to  r«*vifw  and  evaluate*  methods  for 
the  aHse*ss!tn'nj  of  p»*rforinanre  capacity  and  their  application  in  certain 
situations.  Thus  the  intended!  coverage  was  comprehen.siVi*  in  rej^aru  to 
methoeN,  selective  with  ref«Tence  to  the  spcH'ific  areas  of  application.  This 
very  i-**  invulnerable  to  criticism  hy  the  purist.  He  may  wish  to 

insist,  resolutely,  that  methods  for  the  appraisal  of  jierformance  capacity 
must  take  into  account  the  specific  conditions  being  8tudit*d.  not  only  in 
regard  to  the  organ  sy.'^tems  and  functions  that  play  crucial  roles  as  factors 
limiting  performance  but  also  !x*cau.Hc*  their  measurement  must  be  adapted 
to  the  particular  t4*st  conditions  and  the  exi>erimental  regimen. 

This,  rigorously  speaking,  is  true.  Let’s  consider  for  a  moment  the  use 
of  .stan<lardi/.<‘d  (piestionnaires  designed  to  assess  alterations  in  well-bi'ing 
under  stress,  'i'his  approach  may  1h*  highly  relevant  and  fruitful  under 
certain  cor.dititmn  whin*  it  will  r>e  totally  inappropriate,  inapplicable  in  other 
situations.  Furthermore,  there  will  lx»  substantial  difTert*nces  in  the  specific 
features  of  the  questionnaires,  such  as  the  number  of  items,  the  number 
of  steps  or  degrees  use<i  in  rating  the  'deviations  from  normal.”  the  content 
(ie..  the  characteristics  to  l>e  rated),  the  frequency  with  which  the  ques 
tionnaire  is  Ix'ing  administered  during  the  period  of  observation,  etc. 

.■Mthough  the  clo.sc*  interdependence  Ix'twcen  conditions  under  which 
the  (»l>servati<»ns  are  to  1h*  made  and  the  procetiures  to  be  applied  cannot 
lx*  denied,  there  is  merit  in  taking  a  look  at  problems  of  fitness  and  per¬ 
formance  capacity  appraisal  from  a  greater  distance.  In  this  perspective 
the  minutiae  disappear  and  only  the  major  outlines  of  the  problem  remain 
visible.  It  was  this  kind  of  a  perspective  that  Dr.  Spector  and  the  present 
writer  had  in  mind  when  the  .symposium  was  nothing  more  than  a  glint  in 
Harry's  eye. 

His  untimely  pas.sing  unavoidably  delayed  the  proc(‘Ssing  for  publication 
of  the  symposium  proceedings.  Consequently,  it  appeared  useful  to  add 
selected  references  to  recent  publications  which  bear  upon  the  problems  dis¬ 
cussed  at  the  conference.  The  methods  for  appraisal  of  performance  capacity 
will  be  considered  in  a  variety  of  contexts:  in  connection  with  environmental 
and  metabolic  sti esses,  including  nutrition  and  drugs;  exercise  and  sports; 
tx:cupational  work;  aging;  and  disability  and  disease.  In  addition,  we  shall 
briefly  consider  some  problems  of  terminology.  In  fact,  it  may  be  preferable 
to  begin  with  the  latter. 

A  bit  of  lexicography 

Performance  capacity  is  a  hypothetical  construct,  that  is,  a  state  of  the 
organism  inferred  from  and  characterized  on  the  basis  of  a  large  array  of 
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.  hiot’hfrnu'al:  pltysiolo^iial  and  lM*liavioral  variahl«‘.s.  \Vr  may  n^Rani 
|H»rformunri*  capacity  uh  a  "hyiiothctical  Htat<*  variable.”  Much  an  other 
hy|M)tht‘tica)  oinstructs.  “performance  capacity  *  ha.s  what  ia  callc'd  ’‘aurpluH 
meaninK  *;  it  gives  rise  to  misi.surahle  {ihenomena.  including  variables  other 
than  tin*  t)l>ser\'e<i  on«*s  that  h*!!  to  hypothesizing  the  construct  (cf.  23.  p. 
116).  Among  thest*  is  the  actual  perfonnance.  This  is.  fn)m  the  practical 
point  of  view',  the  most  imiMirUint  “pre<iictahlo  consequence."  'I'he  usefulness 
of  the  concept  of  performance  capacity,  and  of  the  special  set  of  operations 
on  the  basis  of  which  it  is  defitu'd.  deptmd  in  the  last  analysis  on  the  ex¬ 
perimenter’s  ability  to  make  valid  inferences  alK>ut  the  "job  performance." 

Information  on  piiysiological  function.s  and  rnetaixiiic  states  can  not  he 
rt'adily  interpr<*t«‘<l  in  f«-rms  of  the  effects  on  “performance.”  even  if  the 
latter  is  spis  ifusl.  In*  it  m  biological  (e  g  ,  work  involving  sustained  perception 
<»f  small  vi.su;d  details)  or  in  <H*cu|jatit)nal  terms  (eg.,  the  performance  of  a 
radar  s<t>pe  operator).  In  fact,  the  problem  of  validation  of  the  criteria. 
prof)osr<l  a.s  measures  of  frerformance  capacity,  is  one  of  the  toughest  the 
«*xperimenter  must  fac«*.  Not  infrtKpiently.  we  must  be  satisfied  with 
indirect,  relative  a.Hsessment.  hase<I  on  the  comparison  of  various  stresses 
studirHl  in  the  lalxiratory  and  thi>  results  obtained  W'ith  different  intensities 
of  a  given  stre.ss.  When  available,  clinical  findings  and  field  experience  should 
Ih*  a)n8idert‘<i  in  interpreting  the  results  of  lnlx)ratory  studies. 

Since  performance  is  rarely  defiiuKl  or  studirxl  in  terms  of  measurable 
“on  the  job"  activities,  we  usually  measure  those  functions  that  are  deeme<l 
rc/ccont  for  such  a  performance,  even  though  only  rarely  do  we  know  with 
I)recision  at  which  degree  of  deviation  from  the  normal  does  this  or  that 
function  lHK*omo  a  factor  limiting  i)erformance.  In  physiological  laboratories 
treadmill  walking  or  bicycle  riding  have  bi*en  the  favorite  type  of  phy.sical 
|>erformance.  with  natural  and  heavy  emphasis  on  cardiovascular  and 
respiratory  measurements  as  indicators  of  the  organism's  functional  status. 

In  broadly  orient<*d  studie.s  of  stresses,  a  large  spc'ctrum  of  functions 
is  sampled.  These  cover  the  major  facets  of  a  biologically  defined  "fitness." 
As  a  rule,  the  ni«*asurements  are  not  validated  against  external  criteria  of 
real  life  ficrformances. 

I'he  term  “fierformance  capacity”  is  close  to  “fitness.”  at  least  to  that 
meanin.g  of  the  term  fitness  which  refers  to  the  .search  for  measurable,  bio¬ 
logically  meaningful  components  of  jierformance  capacity  sampled  from 
the  total  range  of  human  activities,  from  exhaustive  muscular  through 
finely  coordinated  sensori  motor  to  perceptual  and  intellective  types  of 
fierformance. 

In  the  context  of  research  on  stresses  efforts  have  been  made  (52)  to 
develop  batteries  of  general  tests  which  would  measure  some  of  the  basic 
comjionents  of  a  variety  of  performances.  In  this  way  it  was  hoped  that  a 
basis  for  broacier  inferences  regarding  the  effects  of  experimental  regimens  on 
performance  capacity  would  be  provided  than  if  tests  of  cardiovascular, 
respiratory  and  metabolic  processes,  or  tests  of  sensory,  motor,  and  intellec¬ 
tive  functions  and  verbally  mediated  indicators  of  well-being  and  other 
criteria  of  |>ersonality  were  used  alone.  Separating  the  study  of  man  into 
hermetically  closed  compartments  of  human  morphology  (physical  anthro¬ 
pology).  biochemistry,  physiology  and  psychology  seems  to  make  little 
sense  in  considering  man’s  ability  to  withstand  physical  and  biological 
stresses  and  in  appraising  the  effects  of  these  stresses  on  potential  perform¬ 
ance.  i.e.,  on  work  capacity. 
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In  addition  to  (and.  aometimes.  instead  of)  the  non-specific,  general 
indicators  of  fitness,  the  characterization  of  stress  effects  may  call  for  in¬ 
clusion  of  criteria  specially  relevant  to  a  given  situation.  Thus,  measuring 
skin  and  deep  body  temperatures  is  relevant  under  conditions  of  thermal 
stress  but  would  not  be  a  fruitful  measure  of  individual  biological  differences, 
especially  if  measured  at  rest,  in  the  capacity  to  navigate  an  airplane  on  a 
long  and  strenuous  mission.  To  take  a  metabolic  characteristic,  measure¬ 
ment  of  the  concentration  of  pyruvic  acid  in  plasma  makes  good  sense 
in  thiamine  deficiency  but  would  yield  little  useful  information  in  some 
other  nutritional  stressc^s. 

The  term  “i>erformance*’  is  used  at  times  as  tht^  equivalent  of  "func¬ 
tion.”  and  some  authors  s}K*nk  of  kidney,  liver,  or  cardio- respiratory  i)crform- 
anc€*  (cf.  37.  53).  This,  we  l)eli»*ve.  is  an  undesirable  usage.  In  the  rc'com- 
mended  terminology  these  are  ‘functions"  of  organs  and  organ  systems. 
Some  of  them  may  be  appropriate  —  under  sjrecified  conditio?i3  —  as 
indicators  of  the  |>erformance  capacity  of  the  human  oiganism  in  motor 
(muscular,  neuromuscular,  psychomotor),  perceptual,  and  intellective  tasks. 

General  sM>urces  of  information 

No  specific  volume  of  the  informative  series  entitled  Methods  in  Medi¬ 
cal  Research  (The  Yearlx>ok  Publishers.  Chicago)  has  been  devoted  to  the 
topic  of  a  comprehensive  fitness  appraisal  but  several  of  the  8  volumes 
that  liave  been  published  between  1948  and  1960  contain  relevant  sections. 
Thus,  pulmonary  function  tests  were  described  in  Vol,  2  (J.  H.  C^mroe. 
1950).  D.  Mainland  covered  modern  development  in  statistical  methods  (in 
V^ol.  3.  1950)  and  H.  G.  Daggs  «*dit»*<l  the  station  dealing  with  the  methods 
u.sed  in  environmental  res4*arch  (alstj  i.n  Voi.  3).  Several  volumes  deal  with 
the  cardiovascular  system  (H.  D.  Green,  in  V^ol.  1.  1948  and  H.  D.  Bruner, 
in  V'ol.  8.  1960,  blood  flow  measurements;  H.  Gorlin  and  J.  W.  Warren, 
hemodynamic  methods  —  heart  and  lungs,  in  Vol.  7.  1958).  R.  W.  Miles 
edited  a  section  in  Vol.  3  on  Selected  Psychomotor  Measurement  Methods 
This  important  Cf>ntribution  (43)  to  the  literature  on  the  appraisal  of  per¬ 
formance  capacity  in  the  laboratory  setting  consists  of  6  sections:  1)  physi¬ 
cal  work  and  strength  tests  (bicycle  ergometer.  hand  grip),  with  a  note  on 
the  evaluation  of  static  equilibrium;  2)  reaction  time  (simple  reaction  time, 
reaction  and  coordination,  speed  of  resixjnse);  3)  coordinated  motor  re¬ 
sponses  (tapping,  mirror  drawing,  pursuit  movements);  4)  manual  dexterity, 
(finger  dexterity,  hand  tool  dexterity);  5)  eye-movement  coordination;  and 
6)  motor  tests  for  laboratory  animals. 

In  experimental  psychology,  a  variety  of  methods  was  described  by 
Andrews'  (3)  and  the  collaborating  scientists.  There  is  no  section  on  "per¬ 
formance"  or  "performance  capacity."  dealing  with  the  specific  problems 
and  techniques  relevant  to  the  typically  longitudinal  studies  on  fitness, 
with  their  interdisciplinary  orientation  and  numerous  considerations  not 
typically  present  either  in  experimental  psychology  or  in  the  study  of 
individual  differences.  But  the  interested  reader  will  not  come  away  empty- 
handed.  The  editor  supplemented  the  text,  which  has  references  appended 
to  individual  chapters,  by  a  bibliography  of  publications  dealing  with  ap¬ 
paratus  (4).  The  categories  into  which  the  references  are  classified  include 
measuring  and  timing  devices,  stimulation  systems,  and  apparatus  dealing 
with  "body  activity."  in  addition  to  the  special  senses,  perception,  learning 
and  memory,  and  others. 
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The  use  of  apparatus  tests  in  the  Aviation  Psychology  Program  of  the 
Army  Air  Forceps  during  the  Second  World  War  was  described  at  length 
(1056  pp.)  in  a  volume  cKlited  by  Melton  (42).  The  volume  retains  ita 
value  as  a  source  hook  on  psychomotor  tests.  These  tests  were  developed 
or  modified  for  the  sehn-'tion  and  classification  of  aircrew  per^Mjnnel  rather 
than  for  the  appraisal  of  changes  in  work  capacity  under  conditions  of 
stress,  although  stime  of  them,  at  least,  could  well  servo  the  latter  purpose. 

A  treasure-hou8«»  of  information  on  “mental”  measurements  is  repre* 
S4*nt€Hi  by  Buros’  ycarlxKiks.  tht-  of  which  reacheci  the  mammoth 

si/e  of  close  to  1300  jiages  (16).  It  serves  well  the  pur|X)se  of  providing 
assistance  in  locating  and  evaluating  tt‘sts. 

Problems  and  t«x!hniques  of  (lersonality  measurement  were  presented 
sy.stematically  by  Ferguson  (24).  Cattell  (17a).  and  Ciuilford  (30a).  Specific 
techniques  have  lK*en  <les<*rilM*<l  in  monographs,  (station  of  this  literature 
would  go  lK*yond  the  framework  of  this  brief  ‘  bibliography  with  comment." 
iuK'eni  fextlxH)ks  in  the  general  field  t)f  psychological  testing  are  those*  of 
.\nasta.si  (1).  Nunnally  (44).  and  Cronlwich  (22).  An  intnKluction  to  psy¬ 
chology.  organi/tKl  around  the  conce|>t  of  human  performance  w-a-s  prcparcnl 
hy  Gagne  and  Fleishman  (‘29).  E.spt-tially  relevant  are  the  chapters  on 
human  abilities  (pp.  90  141).  discrimination  and  identification  (pp.  178-218), 
and  motor  skills  (pp.  219  ‘262). 

Nutrition 

A  broad  si)<x:trum  of  methexis,  applied  in  connection  with  a  severe 
nutritional  stress,  was  de.scrilxd  in  the  appendix  to  The  Biology  of  Human 
Stxir\'ation  (3.5.  jip  KXiO-lllS).  In  addition  to  meth(xls  of  statistical  analysis 
and  the  prcx'tdures  u.std  in  clinical  examinations,  the  api)endix  contains 
descriptions  of  methtxls  for  the  characterization  of  man's  physique,  chemical 
analyses.  ()hysiologicai  prtK'tdures.  and  a  variety  of  psychophysiological 
and  psychological  tests,  questionnaires,  rating  .scales  and  other  approaches 
to  a  quantitative  and  semiquantitative  study  of  behavior. 

The  section  devoted  to  physical  anthropology  dealt  not  only  with  the 
traditional  measurements  on  the  living  and  the  more  rt*cently  develojHd 
prtx'edures  of  measurements  made  on  photographs,  using  W.  H.  Sheldon’s 
technique,  hut  al.so  with  densitometric  appraisal  of  the  fat  content,  following 
A.  R.  Behnk<*  (cf.  4.5)  and  a  quantitaiive  estimation  of  lx>ne  mineralization 
based  on  skeletal  roentgenograms  (40). 

The  bi(K:hemical  prcx'cdurc^s  were  concerned  with  urinary  excretion  of 
vitamins,  nitrogen  balances,  determination  of  fluid  spaces  (blood,  plasma, 
extracellular  fluid),  electrophoretic  analysis  of  serum  proteins,  and  semen 
analysis.  These  methods  were  fairly  .s|H*cific  to  a  given  stress.  The  more 
generally  used  procidures,  such  as  hemoglobin  or  blood  sugar  determina¬ 
tions.  were  ideritified  by  reference  in  the  text. 

In  regard  to  physiological  functions,  venous  pressure  determinations 
were  described  together  with  aerobic  and  anaerobic  work  tests,  maximal 
oxygen  tran.s|>ort  (cf.  53).  electrocardiography  and  miscellaneous  other 
procedures  (determinations  of  basal  metabolic  rate,  pulse  rate,  blood  pres¬ 
sure.  respiratory  rate,  ventilation  volume,  and  oral  tero|>erature). 

In  the  section  on  special  senses,  tests  for  measuring  visual  and  auditory 
acuity  were  briefly  outlined,  and  procedures  for  determining  the  critical 
(fusion)  flicker  frequency  were  specified  (cf.  49). 
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V\)luntary  motor  (psychomotor)  porformann*  was  studietJ  in  rt*fert*nvv 
to  HtrcMi^th,  himmhI.  an<l  c<K>rdination  (cf.  14).  Int€*lli«i*nce  was  examin<Hl 
usinK  iM>wfr  tost.s  (without  siM^cifitHl  time  limits),  speed  tests  (with  rigorous 
work  limits),  and  tests  of  learning  ability.  A  re|M»atahle  battery  of  intellective 
texts,  spei'ifically  adaptfsl  for  research  on  streHH€*8  (.'JO),  was  descrilxHl 
elsewhere  in  tletail. 

PtTsonality  was  characteri/c^fl  on  the  basis  of  interx'iew.s,  analysis 
of  the  diaries  kept  by  the  subjects,  standardizcnl  |K*rs€)nality  inventories, 
.seif  ratings,  nian-by  iiutii  ratings,  and  corr.plaint  (piestionnaires  as  well  ns 
by  projtH'tive  tests  (12.  'Mi). 

MetluKls  for  evaluating  the  adequacy  of  nutrient  intake  and  nutritional 
status  were  the  suhjii't  <if  a  special  sym|><»sium  (50).  Meth<xl.s  for  the  study 
of  the  impact  of  nutrition  on  performance  were  examined  with  reference 
t<i  animals  (,I.  IJrozek.  pp  155- 157;  cf.  also  58)  and  to  man  (J.  iJrozek.  pp. 
204-221).  The  latter  paper  considers  the  general  problems  of  the  appraisal 
of  |}erformanci‘  capacity:  the  value  and  limitations  of  data  on  actual 
p«Tf<»rmance;  th**  ptstetitial  uses  of  simplifusl  re|>licas  of  complex  types  of 
{H'rfornuiiice  (.'.it  also  i;>):  anti  ialx»ratory  te.sts  of  l(K‘t)rnotion.  manipulation. 
I>crcei)tion.  and  intellective  performance. 

in  the  .same  symfwisium.  R.  F*.  John.son  (pp  222-227)  outlined  a  pro¬ 
gram  for  characterizing  toe  res|)on.se  of  the  organism  to  nutrient  intake  in 
terms  of  nutrient  Kilafices:  Ixxly  c<»mposition:  liver,  kidney  and  endocrine 
function:  and  hematological  criteria.  These  measurements  were  regarded  as 
meeting  the  'criteria  of  |K*rtinence.”  developetl  by  the  author  and  his 
colleagues.  That  is.  according  to  their  experience  the  measurements  were 
prcxiictive  of  potential  deterioration.  di.Hcriminative  among  nutrient  com¬ 
binations.  and  interpretable  in  terms  of  current  clinical  thought.  The 
methodology  usxhI  by  Johnston  and  his  colleagues  at  the  University  of 
Illinois  is  presenttsl  in  their  re|>orts  of  studies  on  simival  rations  (47.  esp. 
pp.  49  89). 

Ihsly  composition,  mentionerl  by  John.son  as  one  of  the  u.seful  criteria, 
was  the  subject  of  a  round  table  di.scussion.  chaired  by  M.  I  Gro.ssman 
(ibid.,  pp  281-313).  with  D.  E.  Bass,  A.  R.  Behnke.  W.  R.  Best,  and  J. 
Bro2fek  as  participants;  cf.  11). 

Methods  for  the  ap|)rnisal  «>f  physical  fitness  (the  Harvard  step-test 
and  its  modification).  u.siHi  in  connection  with  the  field  apprai.sal  of  nutri¬ 
tional  status,  were  incorporattni  into  the  manual  prepared  by  Con.solazio 
(19.  esp.  pp.  E33  E48).  The  manual  contains  also  detailed  instructions  for 
the  measurehient  of  energy  expenditure  by  indirect  calorimetry  using  the 
Mueller-Franz  (Kirtable  respirometer  (cf.  20). 

Effects  of  drugs 

Experimental  pharmacology  and,  to  a  lesser  degree,  therapeutic 
pharmacology,  are  al.so  concerntnl  with  performance  and  performance  capa¬ 
city.  Thus  it  may  not  be  inappropriate  to  make  reference  to  the  proceedings 
of  a  symposium  on  the  quantitative  appraisal  of  drug  effects  (38).  Dornhorst 
(ibid.,  pp.  11-15)  briefly  considered  the  present  status  of  the  measurement 
of  pressures  and  fluid  flows  in  man.  Several  procedures  that  were  presented 
are  relevant  primarily  within  the  narrower  framework  of  pharmacological 
research,  such  tu*  the  measurement  of  the  effects  of  drugs  on  the  gastro¬ 
intestinal  tract.  Of  more  general  interest  are  the  pai>er8  on  the  measurement 
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of  muHcular  concomitants  of  emotion  (F.  Sainsbury,  pp.  69-75).  efTects  of 
druRH  on  performance  (Hannah  Steinberg;,  pp.  76-87)  and  motor  activity 
(L.  GoldberK.  pp.  98-116), 

There  is  a  large  and  explosively  growing  literature  on  the  effects  of 
drugs  on  various  aspei  ls  of  animal  performance  and  behavior  (cf.  8a). 

Physical  exercise  and  athletic  performance 

The  muscular,  nniiral.  metabolic,  hematologic  and  cardiovascular  a8(>ect.s 
of  physical  exercise  are  discu.vsi'd  in  introductory  textbooks.  Karpovich 
CM.  f)p.  278-290)  devotes  a  chaptri'  to  tests  of  physical  fitness.  divid€*d 
into  3  groups;  a)  muscular  |>erformanre  (more  specifically:  strength  tests)., 
h)  organ  function  (pulse  rate  and  blood  pressure:  vital  capacity,  breatli 
holding,  pulmonary  reserve;  oxygen  consumption) .  and  c)  a  combination 
of  muscular  iH*ifurmance  and  organ  function. 

An  outstanding  contribution  to  the  science  of  athletics  is  repre*entc--l 
by  the  collalxirative  volume  edited  by  VV.  R.  Johnson  (33)  It  covers  the 
structure  and  the  mts-duinics  of  human  motion  and  several  other  aspects, 
including  considerations  of  sex.  age,  and  therajHujtic  uses  of  exercise*. 
Directly  relevant  is  the  large  .stHrtion  on  the  physiological  aspects,  with 
E.  F.  Adolph’s  chaf)ter  on  regulatory  physiology  (f>f>  67-79).  H.  L.  Taylor’s 
on  energy  expenditure  (f)p.  123-161).  F^.  L.  Riley’s  on  pulmonary  functions 
(pp.  162-177).  L.  Brouha’s  and  E.  I’.  Radfords  on  the  cardiovascular 
system.  R  Moore’s  and  E.  R.  Fbiskirk’s  on  bexly  fluids  (pp.  207-235).  L.  (J. 
Wesson’s  on  kidney  function  (pp.  270-  284).  li.  Balke’s  on  work  capacity  at 
altitude  (pp.  339  347).  J.  Duffner’s  and  K.  H.  L^mphier’s  on  underwater 
exercise  (pp.  348-383).  I).  B  Dill’s  on  fatigue  induced  by  strenuous  exercise 
(pp.  381-396).  and  L.  Brouba’s  on  training  (pp.  403-410). 

Dill  points  t)ut  that  in  .strenuous  physical  exi?rcise  the  degree  of  fatigue 
that  is  experienci*d  by  the  Nubie<*t  depends  on  his  state  of  fitness,  and  he 
dfvotes  4  short  but  tightly  packtni  pages  to  fitn<>ss  tests  (f)p,  397-400).  F^efer- 
ence  is  made  to  a  numlx*r  of  valuable  wartime  studies,  some  of  which  were 
published  only  a.s  governmental  rei)orts.  covering  both  athletic  and  physio¬ 
logical  tests  of  fitness,  and  considering  laboratory  as  well  as  field  studies 
on  fitness  among  troops. 

Dill  places  on  the  record  the  devastating  critique  of  the  various  fitness 
tests  used  during  World  War  FI.  offered  by  W.  B.  Bean  and  his  coworkers 
(7).  These  author**  concluded  that  none  of  the  tests  was  satisfactory  for 
discriminating  among  degrees  of  individual  fitness,  even  though  several 
of  the  tests  were  acceptable  as  gross  measures  of  fitness  and  as  criteria 
for  comparing  groups.  It  may  not  be  out  of  place  to  recall  some  of  the 
specific  criticisms  levelled  by  Benn  et  al.  (op.  cit.)  against  the  tests  of 
physical  fitness: 

Failure  to  test  chief  components  of  fitness 

Inadequate  scoring  system 

Lack  of  reproducibility 

Inability  to  control  or  measure  motivation 

Failure  to  consider  physiological  cost  or  post-exercise  conditions 

Contamination  of  test  results  by  the  changed  work  metFiods  (acquired 

test  skills) 
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Failure  to  consider  environment  or  physique  in  scorini;  systems. 
While  almost  15  years  old,  this  “catalogue  of  sins”  has  not  become  obsolete. 


Some  of  the  topics  discussed  in  the  present  volume  or  in  the  of}Ufi 
edited  by  W.  R.  Johnson  were  taken  up  also  in  the  Colloquium  on  Exercise 
and  Fitness,  held  in  December  1959  (51).  Thus  B.  Balke  (pp.  73-81)  de¬ 
scribed  a  method  of  testing  the  “biodynamic  {>otential”  of  an  individual, 
defined  as  "man’s  aerobic  capacity  for  maximum  functional  demands”  and 
measured  in  terms  of  the  work  stress  at  which  the  heart  rate  is  raised  to 
about  180  lM‘uts  iM*r  minute.  The  majority  of  the  Colloquium  papers  were 
concerned  with  applications;  the  effects  of  exercise  (or  the  lack  of  it)  and 
factors  affecting  mans  capacity  for  physical  work.  Of  general  methodological 
interest  is  It.  B.  Catt*  ll's  analysis  of  scjme  psychological  correlates  of  physi¬ 
cal  fitn€?ss  and  physique  (pp.  138-151). 

European,  es|)ecially  German,  literature  in  the  field  of  exercise,  con¬ 
cerned!  both  with  the  physiological  and  clinical  aspcMrts,  was  summarized  by 
HoUmann  (31).  A  s{)ecial  section  in  the  book  is  devoted  to  the  methods 
for  the  appraisal  of  circulatory  and  respiratory  functions  (pp.  10-21). 
Particular  attention  is  paid  to  the  “spiroergometry,”  with  respiratory  and 
metalx>lic  measurements  made  at  rest,  during  work,  and  during  recovery. 
In  German  laboratories  bicycling  and  cranking  (“Drehkurbelergometer’’) 
are  favorite  forms  of  graded  work  stress. 

The  criteria  of  |>erformance  capacity  are  considered  by  Hollmann  also 
in  connection  with  the  evaluation  of  the  effects  of  training  (pp.  104-116), 
including  maximal  oxygen  consumption  and  the  “latent  (spirographic) 
oxygen  deficit.”  detennine<i  under  steady  state  conditions  of  light  physical 
work  by  switching  the  rc^spiratory  intake  from  the  room  air  to  pure  oxygen. 
The  author  designates  as  “physiologitui  performance  limit”  the  intensity  of 
physical  work  that  can  not  be  increased  without  resulting  in  a  spirographic 
oxygen  deficit  (p.  108). 

Work 

A  textlxxjk  of  industrial  physiology,  growing  out  of  the  rich  treasure 
of  ex|>erimental  investigations  carried  on  over  a  period  of  years  at  the 
Max-Planck-Institut  fur  Arlx?itsphysiologie.  in  Dortmund  (Germany),  was 
prepared  by  Lehmann  (39).  The  section  on  p<-*rforniance  capacity  (pp.  85-90) 
is  brief  but  other  parts  of  the  bxxjk  and  of  Ch.  2.  dealing  with  the  premises 
and  consequence.s  of  work  performance,  provide  supplementary'  informa 
tion  (cf.  the  section  on  sex  differences  and  age  trends,  pp.  90-98.  or  on  the 
physiological  work  curve  and  biological  rhythms,  pp.  98-105).  In  the  foot¬ 
steps  of  Max  Rubner  and  Erich  Atzler,  the  Carman  school  of  industrial 
physiology  paid  a  great  deal  of  attention  to  energy  expenditure.  It  is  hardly 
surprising  that  Lehmann  devotes  a  large  chapter  (pp.  122-164)  to  the 
energetics  of  the  human  body,  including  the  problems  of  measurement. 
The  apparatus  (p.  130)  for  the  determination  of  energy  expenditure  during 
occupational  work,  developed  at  Dortmund,  has  l)een  widely  used. 

No  modern  systematic  presentation  of  industrial  physiology  is  available 
in  English.  Brouha's  recent  monograph  (9)  does  not  attempt  to  cover  the 
whole  field.  But  the  limitation  of  breadth  is  fully  balanced  out  by  the  depth 
dimension  and  the  fact  that  the  author  speaks  from  first-hand  experience: 
much  of  the  material  represents  the  results  of  plant  surveys  and  laboratory 
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expijrimentii  txinducted  by  tho  author  over  close  to  2  decades.  The  volume 
deals  with  the  worker.  €*s|)ecially  the  cardiovascular  r€^s|>onses  to  physical 
work;  the  physical  environment,  with  focus  on  the  heat  stress;  evaluation 
of  the  physiological  requirements  of  jobs;  and  the  evaluation  of  improve¬ 
ments  desigm'il  to  lesst'n  stress  and  fatigue,  with  heavy  reliance  on  heart 
rate  as  the  criterion. 

A  cross<»ctional  |K)rtrait  of  ''ergonomics.”  defined  as  the  interdisciplinary 
study  i>f  the  natural  law's  of  human  work,  was  prest>nt(>d  in  the  second  vol¬ 
ume  of  the  PriK'eedings  of  the  Krgonomics  Hesearch  Society  (27).  The 
problems  of  human  work  were  approached  from  the  |x)int  of  view  of  anthro- 
IK)metr>'.  physiology,  and  exjjerimental  psychology.  In  experiments  on 
clothing  (M.  Niel.sen  and  L.  PiKlersc  n.  pp.  .59  GO)  t^e  ri*ctal  and  skin 
temperatures  were  measure<l  in  human  .subj<*cts.  P.  O.  Astrand  (pp.  G9-77) 
summarizcnl  the  data  present€*d  earlier  in  a  monogr.':ph  (5);  the  character¬ 
istics  measured  includtHl  maximal  oxyv:en  intake,  heart  rati-  during  work, 
blood  lactic  acid  ct>ncenl ration,  lung  ventilation,  maximal  working  inien.siliv.s- 
(speed  of  loctmiotion  maintained  for  al>out  5  minutes),  and  mechanical 
efficiency.  Fhe  Ix'haviorul  studies  re|X)rt#*d  in  the  proceedings  dealt  with 
visual  |)ercepti<m  and  prtiblems  of  movement  and  force. 

In  America  the  term  "human  enginin' ring”  won  pofiularity  an  the  label 
for  studies  on  the  inti'raction  Ixdween  man.  machines,  and  work  environ¬ 
ments  (41).  The  melhoiiology  of  research  in  human  engineering  was  pre- 
sentixl  hy  Chapanis  (IS).  In  addition  to  such  general  topics  as  the  nature 
of  ♦•xperimentatitm.  including  a  chapter  on  ".siime  spinrial  problems  in  ex- 
jM»rimenting  with  people"  (p[>.  208  252)  and  on  statistical  methods,  and 
some  Very  special  pr<Kf<lures  (methcxls  for  the  study  of  accidents),  the 
author  de.H€rilH*s  the  methods  of  diriHrt  olwervation.  psychophysical  methods 
(measurement  of  absolute  and  differential  thresholds),  and  articulation 
testing  methiKls  originally  devi.se<l  as  means  of  appraising  the  effc*ctivene»s 
of  telephone  communication.  This  i.s  a  relutivi*ly  narrow  spectrum  of  meth- 
(hI.s.  a  pre.sentation  of  human  engineering  largely  from  the  psychologist’s 
point  of  view. 

By  contrast,  the  collection  of  reviews  cnliteil  by  White.  Ixivelace.  and 
Hirsch  (55)  is  concerneii  with  the  biomeiiical  (biophysical,  biochemical) 
aspects  of  |)erformance.  The  advancements  in  instrumentation,  analytical 
techniqiic-s  and  methiKlology  are  consideriK!  with  .specific  reference  to  studies 
on  the  hurtiuM  factors  in  flight.  Three  pa{Krs  describe  various  aspects  of 
respiratory  physiology:  spiromctric  metluxls  used  to  determine  total  lung 
capacity  and  its  ccm|)onents.  oxygen  consumption,  carbon  dioxide  output, 
and  the  r(?spiratory  quotient  (U.  C.  Luft,  pp.  8-22);  automatic  methods  for 
the  analysis  of  resoiratory  ga.si's.  ba.sixl  on  a  variety  of  physical  principles 
(C.  S.  White,  pp.  125-167).  including  quantitative  emission  spectroscopy 
(C.  S.  White  and  W.  R.  Lovelace  II.  pp.  253-268);  and  methods  for  sampling 
expired  air  (N.  P.  V’.  Lundgren.  pp.  269-276).  M.  A.  Palmer  brought  out 
the  value  of  high-s|>e€x]  motion  picture  photography  a.s  an  aid  in  biomedical 
investigations  (pp.  23-38)  and  F.  G.  Hirsch  (pp.  113-124)  presentixl  recent 
developments  in  temperature  mea.su ring  techniques.  In  his  presentation  of 
methods  and  apparatus  for  the  study  of  stress  reactions  and  metabolic 
change.s.  B.  B.  Longwell  (pp.  45-58)  di riveted  his  attention  to  the  endocrine 
system,  intimately  involved  in  the  maintenance  of  homeostasis,  and  the* 
regulation  of  water  and  el€»ctrolyte  balances. 
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Fati^e 

Light  and  prolonged  or  brief  but  strenuoua  activity  rMulU  in  a  decreasiuJ 
ability  to  perbirm  a  givvn  tank.  When  work  decrement  can  not  be  ob.wrv'cil. 
either  for  technical,  methodological  reanons  or  because  diminished  pcrf?>rm- 
ances  capacity  is  compensatiHi  by  increased  effort,  we  must  rely  on  studying 
the  functional  changes  taking  place  in  the  course  of  work  or  make  com¬ 
parisons  of  the  organism's  status  b<*fore  and  after  work.  The  latter  ai)proarh 
was  used  in  the  extensive  researches  on  interstate  truck  drivers  (32).  The 
psychomotor  functions  were  studied  very  thoroughly,  though  visual  functions 
(glare  tc*sts.  flicker  fusion  frequency,  eye  movements)  were  also  included 
in  the  test  Imttery.  Hematological  studies  were  limited  to  leucocyte  counts. 
Potassium  and  total  base  in  blcKxi  serum  were  determin€*d. 

For  a  review  of  the  probk-ms  of  fatigue  as  seen  at  the  close  of  World 
War  II  see  Bartley  and  Chute  (6).  True  to  the  Society’s  interdisciplinary 
frame  of  reference,  in  the  Krgonomi*..’*  Res€*arch  Society’s  Symposium  on 
FatigUv”  (26)  lK)th  the  p.sychological  and  the  physiological  approaches  were 
represented.  The  20  pa|H*rs  constituting  the  proceedings  of  the  Symposium 
represent  a  useful  summary  of  facts  and  provC*dur£‘s. 

A  cxjmprelH^nsive  survey  of  the  literature  on  fatigue  wa.s  prepared,  in 
French,  by  Bugard  (5).  Although  the  circle  of  |>otential  readers  is  limited, 
it  may  be  of  interest  to  register  the  publication  of  a  rc‘cent  Russian  volume 
on  the  i-'hysiology  of  fatigue  and  recovery’  (28). 

Heat  and  cold 

The  res|>onses  of  the  human  body  to  thermal  conditions,  varying  in  bf>th 
the  jKisitive  (heat)  and  negative  direction  (cold),  studied  in  the  laboratory 
and  in  the  field  (influence  of  climate),  were  described  by  Winslow  and 
Herrington  (66).  The  autimrs  took  into  account  the  protective  influence 
of  clothing  and  air  conditioning.  The  relation  of  thermal  conditions  to  work 
fierformance  was  considered  (ibid.,  pp.  176-181). 

The  physiological  and  pathological  effects  of  exposure  to  low  tempera¬ 
ture  wore  treated  in  a  momigraph  by  Burton  and  Edholro  (17).  Especially 
relevant  are  the  chapters  on  the  appraisal  of  the  thermal  insulation  of 
the  body  (Ch.  6).  vascular  reactions  (Ch.  8).  metabolic  responses  to  cold 
(Ch.  9).  and  acclimatization  to  cold  (Ch.  10),  with  a  section  on  cold  toler¬ 
ance.  Tolerance  to  cold  may  be  appraised  by  measuring  the  time  elapsing 
from  the  exinisure  of  a  subjin't  to  a  given  temj)erature  to  the  appearance 
of  shivering  or  to  the  voicing  of  complaints  of  discomfoi'l.  and  by  registering 
the  changes  in  the  rosjwnse  of  the  body  (such  as  skin  and  rectal  tempera¬ 
ture  and  circulatory  functions)  during  ex(X)sure  to  a  standard  cold  stress. 

The  volume  was  considered  imixirtant  enough  by  the  Soviet  scientists 
to  have  it  translated  almost  immediately  into  Russian.  It  was  published 
in  Moscow  in  1957  by  the  Publishing  House  of  Foreign  Literature,  w'ith  an 
introduction  by  1.  S.  Kandror.  The  text  was  translated  by  N.  A.  Kraskina. 

Problems  of  performance,  with  special  reference  to  the  functioning  of 
hands,  were  considered  at  a  conference  sponsored  by  the  Subcommittee  on 
Hand  Functioning  and  Hand  wear  (Committee  on  Environmental  Protection, 
Advisory  Board  on  Quartermaster  Research  and  Development,  National 
Academy  of  Sciences- National  Research  Council;  25).  Most  directly  relevant 
are  the  papers  by  E.  R.  Dusek  (Effects  of  temperature  on  manual  perform¬ 
ance.  pp.  63-75)  and  A.  W.  Mills  (Tactile  sensitivity  in  the  cold,  pp.  76-86). 
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Aging 

While  chan^eH  in  performance  capacity  associated  with  advancing 
years  during  maturity  and  old  age  are  very  slow  at  first  and  hardly  notice- 
able,  the  cumulative  impact  is  large  (as  far  as  the  amount  of  deterioration 
is  concrerned)  and  profound  (when  measured  in  terms  of  the  components 
of  fitness  that  are  eventually  affected:  cf.  10.  48). 

The  assessment  of  aging  was  one  of  the  principal  topics  at  the  Con¬ 
ference  on  Planning  Research  on  the  Psychological  Aspects  of  Aging  (2). 
At  the  conference  a  s{>ecial  session  was  devoted  to  functional  efficiency,  skills 
and  employment  (ibid.,  pp.  227-226). 

Although  the  voluminous  handbook  edited  by  Birren  (8)  has  the  sub¬ 
title  ’’Psychological  and  Biological  As|>ects,"  the  biological  considerations 
are  focused  primarily  on  nervous  function.  Metabolic  and  physiological 
changes  associated  with  aging  are  considered  only  briefly  and  with  sp<H:iai 
reference  to  morbidity  (p.  351).  to  brain  metabolism  and  brain  function 
(p.  456).  and  to  effects  of  c'ontinuous  exertion  (p.  566).  On  the  other  hand, 
the  |>sychological  characteristics  related  to  performance  capacity  arc  treated 
in  detail  (A.  D.  Weiss,  sensory  functions,  pp.  503  542;  H.  W.  Braun,  per¬ 
ception.  pp.  543-561;  H.  E.  Jones,  intelligence  and  problem-solving,  pp. 
700-738).  A  large  chapter  is  devoted  also  to  psychomolor  performance  (pp. 
562-613).  Its  author.  A.  T.  Welford,  has  summarized  in  extenso  the  impor¬ 
tant  8ludit*s  carried  out  l)etwer-n  1946  and  1956  by  the  Nuffield  Unit  for 
Research  into  the  Problems  <if  Aging,  attacheti  to  the  INychological  Labora¬ 
tory  of  Cambridge  University  (54).  Data  on  work  f>erformance  were  pre¬ 
sented  in  Birren’s  Handbook  by  J.  E.  Anderson  (esp.  pp  776-786). 

The  third  volume  of  the  Ciba  Foundation  colloquia  on  aging  was  de¬ 
voted  specifically  to  problems  of  methodology  (57).  K.  J.  Franklin's  report 
(pp.  51-59)  on  reactions  of  organs  to  standard  stimuli  at  different  ages 
represents  the  typical  physiological  {K)int  of  view  but  the  reported  studies 
were  limited  to  thyroid  and  kidney  function  in  animals.  F.  Verzdr  (pp. 
60-72)  stre^ssed  the  value  of  studies  on  adaptation,  defined  as  “the  general 
capacity  of  organi.sms  to  live  under  continuously  changing  conditions.”  as  a 
method  of  gerontological  research:  when  the  adaptation  capacity  of  fluent 
metabolic  equilibria  begins  to  show  deterioration,  aging  begins.  Reference 
is  made  to  animal  studies  on  age  decrements  in  the  capacity  for  heat 
regulation  (heat  production  in  the  muscles,  heat  dissipation)  and  in  adapta¬ 
tion  to  low  oxygen  pressure. 

The  methods  used  in  8tudie.s  on  the  functions  of  human  organ  systems 
were  described  in  the  Ciba  Foundation  colloquium  by  M.  Landowne  (pp. 
73-91).  with  emphasis  on  cardiovascular  physiology.  The  paper  contains  a 
well  documented  discussion  of  the  vexing  problems  of  sampling  in  geronto¬ 
logical  studies  and  of  defining  “normal  aging.” 

A.  T.  Welford  (pp.  145-169)  examined  the  methodological  problems 
involved  in  the  study  of  changes  in  human  performance  with  age.  The 
author  feels  that  the  subjiKrt  matter,  including  the  methods  of  sampling,  is  so 
complex  that  seldom,  if  ever,  can  definite  conclusions  be  drawn  from  a  single 
laboratory  experiment  or  an  industrial  study.  But  he  does  not  advocate 
methodological  nihilism.  The  complexities  of  human  capacity  can  be  reduced 
to  a  manageable  number  of  variables;  the  brief  laboratory  experiments 
can  be  supplemented  by  studies  carried  out  in  industry;  motivation  of  older 
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(rnbjecU  is  not  reganled  as  a  particularly  serious  problem;  and  the  back¬ 
ground  factors  affecting  the  comparability  of  subjects  differing  in  age  can 
be  controlled.  Welford  favors  small-scale  investigations  in  preference  to 
large-scale  investigations  with  their  rigidly  standardized  (and  thas  inflexible) 
methodology.  I,  Lorge  (pp.  170-187)  (Mints  out  that  further  progress  in 
the  appraisal  of  the  psychological  asfHvts  of  the  aging  process  depends 
importantly  on  the  development  of  additional  and  better  tests  for  psycho¬ 
motor  behavior,  cognitive  processes,  and  |)en«onal  adjustment. 

DisabUit>'  and  di^ea^e 

In  connection  with  res4*arche«  on  neuromuscular  and  sensory  disability 
(21).  W.  B.  Haber  (pp.  14-24)  compared  tactile  thresholds  in  the  intact 
limb  and  in  .stump.s  resulting  from  unilateral  alx>ve-elbow  amputations, 
using  3  criteria  (light  touch,  two-point  discrimination,  and  |)oint  localiza¬ 
tion).  I'he  skin  on  the  .<)tump  exhibite<l  significantly  higher  sensitivity 
(lower  thresho|€i.s)  for  tactile  stimuli  in  regard  to  all  3  criteria.  More  directly 
relevant  to  the  appraisal  of  performance  capacity  is  the  analysis  of  loct5- 
motor  5>erformance  using  a  force-plate  combined  with  stroboscopic  photo¬ 
graphy  and  electromyography  (M.  Marks  and  G.  G.  Hirschberg,  pp.  59-77). 
Drillis  (pp.  86-109)  de.scribed  biomechanical  analysis  of  gait  in  terms  of 
tem|>oral  (time  patterns),  kinematic  and  kinetic  criteria. 

Numerous  prmedures  were  described  and  some  methodological  problems 
were  discussed  in  the  framework  of  the  First  Wisconsin  Conference  on 
Work  and  the  Heart  (46).  The  Conference  was  concerned,  among  other 
things,  with  the  influence  of  work,  exerci.se  and  stress  on  the  normal  and  the 
diseased  cardiovascular  system.  It  was  only  natural  that  the  working  patient 
with  a  cardiac  dis<»ase  was  in  the  center  of  attention,  with  R.  A.  Bruce  et  al. 
(Ch.  16)  discussing  a  physical  fitness  index  of  tolerance  for  standardized 
exercise,  based  on  considerations  of  duration  of  exercise  (endurance),  res¬ 
piratory  efficiency,  and  recovery  heart  rale;  H.  K.  Hellerstein  and  Amasa 
B.  Ford  (Ch.  14)  dealing  with  the  energy  expenditure  of  factory  workers 
with  heart  dis<*a.se  and  reix>rting  observations  on  various  physiological  para¬ 
meters  of  cardiovascular  function  —  blood  pressure,  pulse  rate,  respiratory 
rate,  oxygen  utilization,  electrocardiographic  changes  —  under  actual  work¬ 
ing  conditions;  and  L.  W.  Eichna  (Ch.  9)  emphasizing  the  importance  of 
hemodynamic  measun»mcnts  for  the  differentiation  between  circulatory 
congestion  of  cardiac  and  noncardiac  origin. 

Some  relevant  chapt**r8  can  be  found  also  in  Section  IV  devoted  to 
problems  of  work  classification,  including  the  estimation  of  work  capacity 
on  the  basis  of  exercise  tolerance  test:  (T.  V.  Paran  et  al..  Ch.  38,  esp.  p. 
333)  and  the  assessment  of  the  energy  costs  of  industrial  operations 
(A.  M.  Jones,  Ch.  46,  esp.  p.  402). 

In  the  section  on  Clinical  Physiology  M.  L.  Landownc  (Ch.  15)  reported 
on  the  use  of  tests  of  cardiovascular  function  in  older,  working  subjects, 
studied  both  at  rest  and  during  exercise;  G.  E.  Burch  (Ch.  17)  examined 
the  influence  of  hot  and  humid  environments;  S.  Wolf  (Ch.  18)  compared 
the  effects  of  emotions  and  exercise  on  cardiovascular  functions;  G.  Bibrck 
(Ch.  20)  considered  laboratory  tests  for  the  appraisal  of  physical  fitness  and 
the  use  of  physiological  tests,  including  electrocardiographic  exercise  tests 
in  neurocirculatory  asthenia  (Ch.  19);  L.  A.  Brouha  (Ch.  21)  described 
the  effects  of  muscular  work  on  the  heart,  with  special  reference  to  the  heart 
rate,  presented  examples  of  the  specific  demands  made  on  the  heart  in 
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various  occupations.  «n(i  ref''rnHl  to  a  device  (Ch.  22)  for  measuriiiK 
forces  involved  in  |x*rfnrminK  mov€*ments;  M.  J.  Kar\'onen  (Ch.  23)  rej)ortcd 
on  res4»urches  concerneni  with  the  efTc'cts  of  athletic  activities  on  the  heart; 
and  \V  C.  Kubicek,  F.  J.  Kottke  and  Jean  N.  Danz  (Ch.  25)  summarized 
the  results  of  their  studies  on  the  ?frect.s  of  various  hospital  activities  in 
the  rehabilitation  department. 

The  presentatiim^  made  at  the  conference  on  Work  and  the  Heart 
t-onstitute.  in  their  totality,  a  well  document<*d  |>ortrait  of  physical  perform- 
.’ince  capacity  appraisal.  Is*  it  within  ;i  spi-cil'i<*,  lirnittKl  c«»ntext. 
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